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i ON 
ASTRONOMY. 
6 
LECTURE XXXVII 


Or THE COPERNICAN SYSTEM. 
* f 7 

AVING ſhewn you the appearances of the 

1 heavenly bodies as ſeen from the earth, it 
will be now proper to ſhew you why the motions. 
of the planets appear to us ſo different from what 
they really are. One of the ends for which man was 
formed, is to correct appearances and error by the 
inveſtigation of truth ; whoever conſiders him at- 
tentively from infancy to manhood, and from man- 
hood to old age, will find him ever buſy in endea- 
vouring to find ſome reality to ſupply the place of 
thoſe falſe appearances, by which he has hitherto- 
been deceived. Thus, it is the buſineſs of the pre- 
ſent Lecture, to correct the errors that ariſe from 
appearances in the heavens, and to prove the truth 
Vol. IV. W Of 
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Tent, as Plutarch interprets it,“ the ſyſtem of 
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of the Copernican Syſtem, which is now generally 


received, becauſe it rationally accounts for, and ac- 


cords with the phenomena of the heavens. In 
this ſyſtem, the ſun is placed in the center, and 
the earth and other plancts revolye round him as 
their center. . : 
There are, however, ſtrong reaſons for be- 
lieving that ſome of the ſages of antiquity 
were acquainted with the true ſolar ſyſtem 
as revived by Copernicus. It was the univer- 
fal doctrine of the Pythagorean ſchool, and is 
clearly marked out as ſuch by Ariſtotle : for theſe, 
fays he, aſſert that fire is in the midſt of the world, 
and that the earth is one of the heavenly bodies. 
He afterwards ſpeaks of a ſet of men, who held a 
ſyſtem effentially ſimilar to that of the modern 
Semitychonic. Eudemus, in his hiſtory of aſtro- 
nomy, as cited by Anatolius, ſays, that Anaximan- 
der was the firſt who diſcovered the earth to be one 
of the heavenly bodies, and to move round the cen- 
ter of the world. Ariſtarchus keld that the earth is 
carried round the ſun, in the circumference of a 


circle, of which the ſun itſelf is the center; and 


that the ſphere of the fixed ſtars is ſo immenſe, 


that the circle of the carth's annual orbit bears no 


greater proportion to It, than the center of any 
ſphere bears to it's whole ſurface. Philolaus, and 


er, declared the motion of the ſun, rouhd 
about the earth, to be only apparent. They ſaw 
and felt the importance of his globe over our's, 
and ſuppoſing it's influence to extend to much 
larger bounds than that of the earth, they placed 
it in the center of the univerſe.” Among the Ro- 


mans, we find that Numa built a temple to repre- 
the 


*Thoſe that want further information on this head, may con 
. ſult 
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the heavens, with a ſacred fire in the center- 
of it. | 
Thus alſo in the Jewiſh tabernacle, the ſeven 
lights had a reference to the ſeven chief lights of 
the heavens. Hence alſo the heavens are called 
in ſacred writ the tabernacle of the ſun; the whole 
of our ſyſtem dwelling within his influence. The 
foregoing citations are, we preſume, ſufficient to 
ſhew that the ancients were not ignorant of the true 
ſolar ſyſtem. 

But ſtill it was no general perſuaſion, nor does 

it ſeem ever to have been mentioned after the 
time of Plolemy, who adopted that ſyſtem which 
now goes under his name; his ſyſtem, though er- 
roneous, was ingenious; with it the world was con- 
tent for many ages. It was then conſidered as 
faunded upon invincible demonſtration; as a ſa- 
cred truth that could not be weakened by the 
powers of controverſy, or ſhaken by the fluctuations 
of opinion. 
But at the appointed time when it pleaſed 
the surREME DISPENSER of good gifts to reſtore 
light to a bewildered world, and more particularly 
to manifeſt his wiſdom in the ſimplicity as well as 
the grandeur of his works, he opened the ſcene 
with a revival of ſound aſtronomy.“ 

This obſervation of the pre/ident of the Royal 
Society, 1 is well worthy your attention ; it will open 
your views of Divixe PROVIDENCE, which is a to- 
pic that ought to be ſet in every poſſible light 
that can make it either more clearly, or more ge- 
nerally underſtood. If you look through the hiſ- 
g of: 1977 ages from the early periods of the paſ- 

1 B 2 toral 
ſult 7 notes to Sydenham's tranſlation of the Rivals of Plato, 
Duten's Inquiries into the Origin of the Diſcoveries attributed 
to the Moderns; Jones's Eſſay on the firſt Principles of Natural 


che ou 3c - Baillie Hiſtoire de 'Aﬀtronomie ancienne, # 
Sir Yoha Pringle's Six Diſcourſes, p. 97. 
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toral-and patriarchal life, you will ſee arts and ſci- 
ences progreſſively advancing ; ſometimes indeed 
buried for a long interval, but again reviving with 
new ſplendor. You ſee philoſophy and religion 
advancing, and though ſometimes deformed by 
ſuperſtition, and unnatural ſyſtems of atheiſm, yet 
ſucceſſively recovered from the dreams of the en- 
thuſiaſt, and the ſubtlety of the atheiſt. If you ſee 
ſceptiſm and infidelity making frequent attacks 
upon ſacred truths, you may reſt ſatisfied that theſe 
attempts will, in due time, magnify it's power, in- 
creaſe it's honors, and advance it's triumphs. _ 
There is no man but what, with reſpect to the 
arts and improvements of life, looks back with 
pity on paſt times, compared with his own; and 
philoſaphy never extended the province of human 
knowledge ſo far and wide as within the laſt cen- 
tury. It is thus alſo with divine knowledge; this 
has had the ſame gradation and order of progreſ- 
ion, na/ure and late, tvpe and ſhadow, the ſulſtance 
and the arc helype; the kingdom of Cob is ſtill 
advancing, and the evidences of his adminiſtration 
and attributes {till opening; every thing evinces 
that a grand deſign has been carrying on from the 
eartieft account of hiſtory by a remarkable courſe 
of Providence, for the beneſit of che hole human 
race. 1 
Goo pervades infinity, and ſees ngk eter- 
nity ; he ſees the child not only as ſtruggling with 
cries and tears, but he ſees in the child the advan- 
eing and full grown man. While we fee partially 
and therefore imperfectly the ſingle and uncon= 
nected, or perhaps only the loweſt link of the ex- 
tended and univerſal chain of being; Gop ſees the 
whole and every part in their origin, their connec- 
tion, their progreſſion, and conſummation. ; 
From the fall to the preſent day, Gop has 
been working for our happinels, in the only way 
proper 
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roper to diſplay his goodneſs, and make us ſen- 
ble of his mercics. He adminiſters his bleſſings 
as we are able to bear them; Ex is the fountain of 
cternal £ od, but we are not ſo capable of receiv- 
ing as he is of communicating. As our powers 
are enlarged, and our nature refined, our pleaſures 
will improve, and our happineſs advance.* | 

The univerſe 1s the ſtage and theatre of God, 

carrying on the whole, and every part from greater 
to leſs perfection, and drawing in juſt proportion 
all the creatures to himſelf. "Almighty goodneſs 
neither ſlumbers nor ſleeps, but 1s ever labouring 
to advance our ſtate; we are firſt brought into 
life, from life advance to reaſon, from reaſon to 
virtue, virtue to grace, and grace to glory, 
It is dtvine love that through eternity is} draw- 
ing order from confuſion, railing harmony from 
ſeeming diſcord, building ſtrength on weakneſs, 
and happineſs on the miſery of it's creatures. 
Love, eternal love, ſhines in the rudeſt as in the 
gayeſt, in the darkeſt as in the brighteſt ſcenes of 
nature, in the fot ſmall voice as in the thunder of 


"wy MOT almighty 


* «The means which God vouchſafes to employ for the per- 
fect overthrow of the Devil's kingdom, are not fuch as he might 
be expected to put in uſe, if his omnipotence were alone re- 
garded ; but they are ſuch as are conſiſtent with the free agency 
of man, and ſuch as are adapted to the nature of man as a 18. 
tional and moral agent; and adapted to the juſtice, and wiſdom, 
and mercy of God in his dealings with ſuch a creature,” —. He 
abſtains therefore from all ſummary, abrupt, coercive meaſures, 
and he employs no other means than thoſe of perſuaſion and ar- 
gument, invitation and threatening. It is very obvious, that 
ages muſt elapſe before theſe means can produce their full effe&t ; 
that the progreſs of the work will not only be gradual, but liable 
to temporary interruptions; inſomuch, that it may at times 
ſeem to go backward as often as particular circumſtances in the 
affairs of the world draw away the attention of men from the 
doctrine of the goſpel, or rouſe an extraordinary oppoſition of 
their paſſions to it's precepts.” Bp. Horlley's Sermon for the- 


Philanthropic Society, March 25, 1792. 
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almighty power; in the tempeſt as in the calm, 
in the horrors of winter as in the bloom of ſpring 
or plenty of autumn. Love, ſupreme love, is infi- 
| nite and inexhauſtible, and we only queſtion the 
# means becauſe we ſee not the end and conſumma- 
i tion of it's operations.* 

Such are a. fer of the concluſions that may be 
; | deduced from a view of the advancement of arts 
„ and ſcience, and which we have been led naturally 
tl to conſider from ſecing the long period that clap- 
ſed ere the Copernican ſyſtem was eſtabliſhed.; and 
there is abundant reaſon to preſume, that the pro- 
greſſi on obſervable and carried on from the begin- 
ning of time, will ſtill hold on, and know no other 


| bounds than the fulneſs of the Godhead. 
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I mall now proceed to give you a ſummary 
view of the ſolar ſyſtem, or that which was revived 
and drawn from oblivion by Nichols Copernicus, 
int about the year 1 500. It is called the ſolar 5 em. 
1 becauſe the ſun is ſuppoſed to be fixed in the cen- 
160 ter, with our earth, and ſeveral] bodies ſimilar there- 
188 to, revolving round him at different diſtances. 

5 — © The planets are thoſe bodies within our ſyſtem 
lt || that revolve round the ſun ; they appear bright by 
18 reflecting the light they receive from the ſun, and 
Ill are divided by aſtronomers into three kinds, pri- 
v mary Planets, ſecondary planets, and comets. 

| | The primary planets are thoſe bodies which in 
. revolving round the ſun reſpect him only as the 
A | center of their courſes, the motions of which are 
r. N performed in tracks or paths that arc 


i i . | p : 9808 
| | 
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found to be nearly circular and concentric to each 
other. 

A ſecondary planet, commonly called a ſalel- 
lite or noon, is a body, which, while it is carried 
round the ſun, does alſo revolve round a primary 
planet, which it reſpe&ts as a center. | 

Comets are bodies, which are alſo ſuppoſed to 
revolve round the ſun ; the planets appear perma- 
neut in the ſyſtem, but comets only occur acciden- 
tally : they are named comets from their being 
uſually attended with long tails, fancied by ſome to 
reſemble hair. The theory of their motions 
amounts at preſent to little better than rude con 
jecture. 

The path deſcribed by a planet i in it's motion 
round the ſun, is called it's orbit. 

In ſpeaking of orbits, nothing more is meant 
than an imaginary circle defining the path they 
deſcribe, and in which they are retained by a ce- 
leſtial but continuous mechaniſm. 

There are ſeven primary planets uſually reck- 
oned in order from the ſun; their names and 
marks are, | | 


Mercury. Venus. The Earth. Mars. Jupiter. Saturn. Ceorgium Sidus. 
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Mars, Jupiter, Saturn, and the 8 Si- 
dus, are called ſuperior planets, becauſe their orbits 
include that of the earth. 8 

Venus and Mercury are called inferior planets, 
becauſe their orbits are contained within the 
carth's. 

By the aſſiſtance of teleſcopes /econdary planets 
have been diſcovered ; the Earth is attended by 
one, Jupiter by four, Saturn by ſeven, and the 
Georgium Sidus by two. 


This 4 ( & 7 I . 1 Aftrowny,) repre- 
ſents 
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ſents the ſolar ſyſtem, O in the center repreſents 
the ſun, AB the circle deſcribed by Mercury in 
moving round the ſun, CD that in which Venus 
|; moves, FG the orbit of the earth, HK that of 

1 Mars, IN that of Jupiter, OP the path of Sarum, 
Wi QR the orbit of the Georgium Sidus. 
#1 88! Every primary planet is ſuppoſed to have two 
morions, I. the annual; 2. the diurnal. | 
The ANNUAL MOTION of a planet is that where- 
by it is carried in it's orbit round the ſun, which 
in every one is found to be in the ſame direction 
from weſt to eaſt. 

1 This motion, as you have ſeen, is nnn 
1 ; by the planets changing their places in the celeſ- 
8 tial ſphere, where they appear to move among the 
1 fixed ſtars; and in certain times to return to the 
Tit: ſame ſtars from which they were On depart, 
and ſo on continually. 
The diurnal motion of a Planet is that by 
tht which it turns or ſpins about it's axis; this like 
LE their annual motion is from weſt to eaſt. 

This motion is diſcovered by the ſpots that 
are ſeen by teleſcopes on the ſurface of the pla- 
| nets; before the diſcovery of teleſcopes, it was 
„ not ſuſpected that the planets had a rotatory 
i! | motion. 

By continued ai the ſpectator finds 
. that theſe ſpots change their places, and move from 
1 one ſide of the planet to the other; then diſappear 
10 for a certain ſpace of time; after which, they 


1 again, for a while, become viſible on the fide 
10 where they were firſt ſeen, always continuing the 
I ſame motion nearly in an uniform manner. The 
Wil diſtance betweeen the ſpots, grow wider as they ad- 


1 vance from the edge tow ards the middle of the pla- 
l net, and then grows narrow again as they paſs from 
1 the middle to the other edge. The time they are 
ſeen on the er” 8 atk, i is ſomewhat leſs than the 

5 time 
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time of their diſappearance; they are firſt ſeen on 


the eaſtern margin of the planet, and diſappear on 
the weſtern ſide or limb. 


From theſe circumſtances it is concluded, firſt, 
that theſe ſpots adhere to the body of the planet; 35 
and ſecondly, that each Planet is a globe turning 


on it's axis. 

It may not be improper to obſerve to vou, that 
the axis of a planet is only an imaginary line con- 
ceived to be drawn through it's center, and about 
which it is conceived to turn in the courſe of it's 


revolution round the ſun. A ball whirled from the 


hand in the open air, turns round upon a line 


within itſelf, while it is moving forward; ſuch a. 


line as this is meant when we ſpeak of the axis of 
a planet. 
The ſun and moon, the ſtars and planets, ap- 


pear to be all at an equal diſtance from us; though 


it is highly probable, that ſome of the ſtars are 
many millions of times nearer to us than others. 


The ſun is demonſtrated to be nearer than any of 


the ſtars. The moon and ſome of the planets are 


known by ocular proof to be nearer to us than the 


ſun, becauſe they ſometimes come between it and 
our eye, and hide the whole, or a great part of his 
diſk from our view. They all, however, appear 


equally diſtant, and as if placed in the furface of a a 


ſphere, whereof our eye is the center. In whatever 
place, therefore, a ſpectator reſides, whether it be 
on this earth, in the ſun, or in the regions of Sa- 
turn, he will conſider that place as the center of 
the world; for it will be to him the center of a 
ſpherical ſurface, in which all diſtant bodies appear: 
to be placed; for while he remains in the ſame 
place, he cannot judge properly of the diſtance of 
furrounding objects, at leaſt of thoſe which are 
placed beyond the ordinary reach of his view; for 
28 that diſtance all the principles by which 
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we form our general judgment fail us, and we can 
only tell which is neareſt, or that which is furtheſt, 
by our own motion, or that of the objects. 

To illuſtrate this, let us ſuppoſe a number of 
lamps to be placed irregularly at different diſtances 
from the eye ina dark night. Now, if in this caſe 


ue ſuppoſe the darkneſs to be ſo complete that no 


intermediate objects can be ſeen, no difference in 
colour obſerved, nor any perception of a conver- 
gence toward the point of ſight, our judgment 
could not aſſiſt us in diſtinguiſhing the diſtance 
of one from the other; they would therefore all 
ſeem to be at an equal diſtance from the ſpec- 
tator, | | 

Each planet is obſerved to paſs through the 
conſtellations, Aries, Taurus, Gemini, Cancer, Leo, 
Virgo, Libra, Scorpio, Sagittarius, Capricornus, 
Aquarius, Pifces ; and it alſo appears, that every 
one has a track peculiar to itſelf, and that they 
never move out of a certain ſpace or zone of the 
heavens, which is called the zodiac. 

By obſerving the planets in their periodic re- 
volutions among the fixed ſtars, it is found that the 
paths of the planets are not all in the ſame plane, 
but they croſs each other in different parts of the 
heavens. As they thus move in planes that are 


differently inclined to each other, it became ne- 


ceſſary to refer them all to one plane, i in order both 
to judge more accurately of their inclination, and 
to avoid the intricacies of calculation ; this plane 
thus became a ſtandard, and was conſidered as 
having no obliquity; all the reſt are referred there- 
to. For this purpoſe aſtronomers have fixed upon 
the ecliptic or orbit of the earth. 

The plane of the ecliplic is nenden to divide 
the celeſtial ſphere into two equal parts, called the 
northern aud ſouthern celeſtial hemiſpheres z and any 
88 in either of theſe hemiſpheres, is ſaid to _— 

nort 
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north or ſouth latitude, according to the hemi- 

ſphere it is in. The latitude of a celeſtial object 
is it's neareſt diſtance from the ecliptic taken on 

the ſphere. 

The planets are obſerved to be ſometimes 
on the northern and ſometimes on the ſouthern 
ſide of the ecliptic, ſo that their reſpective planes 
cut the ecliptic in two oppoſite points called nodes; 
or, in other words, the nodes of a planet's orbit are 
the two points where it interſects the ecliptic. 
Thus, let AB CD, fg. 3, pl. 3, repreſent the eclip- 
tic, B E F the orbit of a planet, the 5 B and 
D are the two nodes. 

One is called the a/cending node, and is uſu- 
ally marked thus Q ; it is that through which the 
lanet paſſes when it moves out of the ſouthern 
into the northern hemiſphere. The other node 
through which the planet paſſes in going out of the 
northern into the ſouthern hemiſphere, 1s called 
the deſcending node, marked thus &. 

E During therefore every revolution, each pla- 
net muſt deſcribe half it's orbit above the plane 
of the ecliptic, the other half below. They have 

therefore a north latitude, while they deſcribe one 
half of their orbit; and a ſouth latitude, while 
they deſcribe the other half. 

The ſeveral orbits do not croſs the ecliptic at 
the ſame point, or with the ſame angles ; their 
-nodes are at different parts of the eclipric. 


A right line joining the two nodes of any pla- 


net, is called the ine of the nodes. 
The line of the nodes paſſes through the ſun, 


for as the motion of every planet is in a plane paſ- 5 


ſing through the ſun, conſequently the interſection 
of theſe planes, that is, the line of the nodes, muſt 
alſo paſs through the ſun. 

Fou may render the inclination of the planet's 
orbits to each other familiar to your mind, by tak- 


ing 


— 
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ing as many hoops as there are planets, with a wire 
thruſt through each, and thereby joined to that 
hoop which repreſents the ecliptic, and you may 
then ſet the other hoops more or leſs obliquely to 
the reprefentative of the ecliptic. 

before mentioned to you that the planets re- 
volved round the ſun in orbits nearly circular and 
concentric, for their ſeveral phenomena ſhew that 
they are not ſtrictly ſo. And aſtronomers have 
found, that the only curve they can move in to re- 
concile all the various appearances is an ellip/is, ſo 
that the orbits of the primary planets are ellipſes of 
different curvatures, having one common focus in 
which the ſun is fixed; but every ſecondary planet 
_ reſpects the primary planet, round which it revolves 

as the focus of it's elliptic motion. 

To deſcribe an eli pſis, let a thread, tied toge- 
ther at both ends, be put over two pins fixed up- 
right upon a plane, at any diſtance from each other 
leſs than the ſtring thus tied will reach, a pen car- 
ried round within the ſtring ſo as to keep it always 
ftretched out with the ſame tenſion, will deſcribe 
upon the plane a curve, which 1s the periphery or 
circumference of an ellipſis. Either of the points 
S, N, fig. 4, pl. 3, where the pins are fixed in the 
plane, 1s called the focus of the ellipſis. The fur- 
- ther the foci are from one another, the more ob- 
long will the ellipſis deſcribed with the thread be. 
The nearer the foci are to each other, the nearer 
will the ellipſis be to a circle. 

A line PA, fg. 4, Pl. 3, drawn through the 
foct both ways till it reaches the circumference, i is 
called the axis, and the greater axis or longeſt dia- 
meter. A point C taken in this line equally diſ- 
tant from either of the foci, is called the center of 
the ellipfis. Aline T V drawn through the center 
papcacituler to the longeſt diameter, till it reaches 
the 
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the circumference both ways, is called the leſſer 


axis, or ſhorteſt diameter. The diſtance between 


the center and either of the foci, C N or CS, is the 
excentricity of the ellipſis, which is greater or leſs, 
as the ellipſis is more or leſs oblong. 
I )!hbe orbit of every planet is an ellipſis, having 
the ſun in one of it's foci. The axis PA of any 
planet's ellipſis, is called the- line of the re 
the point A, Where the planet is at it's greateſt 
diſtance ſrom the ſun, is it's ahbe lion, gr higher 
apſis; the point P where it is at it's leaſt diſtance 
from the ſun, it's peribhelion, or lower apſis; the ex- 
treme points of the ſhorteſt diameter T V are the 
places of it's middle or mean diſtance from the 
ſun. A line S Tor SV drawn from either of thoſe 
points to the ſun, is the line of it's mean diſtance. 
To eſtimate the enen of any planet, we ſup- 
oſe the line of it's mean diſtance S T to be di- 
vided into 1000 equal parts, and ſay the excentri- 
city is fuch a number of thoſe parts. 

The motion of the planets in their orbirs i 18 
not equable; but every planet obſerves this rule, that 
a line drawn from the ſun to the planet ſweeps 
equal areas upon the plane of it's ellipfis in equal 
times; therefore every planet moves ſu iſteſt in it's 
peribelion, or {ſloweſt in it's aphelion, with a middle 
or mean motion at it's mean diſtance. 

Thus in the figure, A is the place of the aphe- 
lion, P the place of the perihelion, PA the line of 
apfides, P A is the tranſverſe diameter of the ellip- 
ſes, T V the conjugate diameter. | 

The mean difiance of a planet from the ſun, is 
it's diſtance from him when the planet is at either 
extremity of the conjugate diameter, and is equal 
to half the tranſverſe diameter. 

When two planets are ſcen together in the 


fame ſign equally advanced, they arc laid to be in 
con- 


—  —— 
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conjunction but when they are in direct oppoſite 
parts of the z0diac, they are ſaid to be in N. 
poſition. 

The place that any planet appears to occupy 
in the celeſtial hemiſphere, when ſeen by an ob- 
ferver ſuppoſed to be placed in the ſun, is called 
it's Heliocentric place, it's heliocentric latitude, 
&c. 

The place it occupies when Gr from the earth, 
is called it's geocentric place, &c. 
14A motion in the heavens in the order of the 
ſigns, as from Aries to Taurus, &c. is faid to be in 
conſequentia, and ſuch are the real motions. of all 
the planets, though their apparent motions are 
ſometimes contrary, and then they are ſaid to move 
in antecedenlia. 

The points where the celeſtial equator cuts 
the ecliptic are found to have a motion in antece- 
dentia of about fifty ſeconds every year. This 
change of place of the firſt point of the ecliptic, 
from whence the ſigns are counted, occaſions a 
like change in the ſigns themſelves, which, though 
ſcarce fenlible for a few years, has now become 
very conſiderable. Thus, ſince the time that aſ- 
tronomy was cultivated by the Greeks, that is, 
about 2000 years ago, the firſt point of the eclip- 
tic is removed backward about a whole ſign; and 
though it was then about the middle of the con- 
ſtellation Aries, it is now about the middle of 
Piſces. Notwithſtanding this alteration, the tigns 
ſtill retain their ancient names and marks. 

The longitude of a phenomenon in the hea- 
vens is the number of degrees counted from the 
firſt point of Aries on the ecliptic, to the place 
where a circle of latitude drawn through the phe- 
nomenon would cut the ecliptic at right angles. 

Thus every phenomenon in the heavens is re- 


ferred to the ec/:p/ic by the circles of latitude, as 
the 
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the longitudes of terreſtrial places are referred to 

the equator by the meridians; and whatever ſign 
the circle of latitude paſſes through, the phenome- 
non is ſaid to have it's place in that ſign. 


Or Tux FiGurE AND LIGHT OF THE PLANETS. 


That the ſun and planets are _/pherical bodies, 
is evident from all the obſervations that have been 
made on them; and that the earth is of the ſame 
figure, is not only deducible from analogy, but it is 
_ alſo proved by obſervation, as I ſhall ſhew in the 

proceſs of theſe Lectures. Aſtronomers, when they 
jay that the planets are ſpherical bodies, do not 


mean a geometrical ſphere, but a figure called an 


_ oblate ſpberord, which is ſomething like the figure 
that a flexible ſphere would be formed into by 
gently preſſing it at it's poles. Obſervations have 


determined this in Jupiter, and it is known that 


and actual menſuration. 

That the planets are all opake, or dark bodies, 
and conſequently ſhine only by the light they re- 
ceive from the ſun, is plain, becauſe they are not 
viſible when they are in ſuch parts of their orbits 
as are between the ſun and earth, that is, when 
their illuminated tide is turned from us. 
Ihe ſun enlightens only half a planet at once; 
the illuminated hemiſphere is always that which 
is turned towards the ſun, the other hemiſphere of 
the planet is dark. To ſpeak with accuracy, the 
Jun being larger than any of the planets, will il- 
luminate rather more than half; but this differ- 
ence, on account of the great diſtance of the ſun 
from any of the planets, is fo ſmall, that it's light 

may be conſidered as coming to them in lines phy- 
ſically parallel. 
OP Like 


the earth is of this figure, both from obſervation 
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frame of nature. 
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Like other opake bodies, they caſt a ſhadow 


behind them, which is always oppoſite to the ſun. 
The line in the planet's body, which diſtinguiſhes 


the lucid from the obſcure part, appears ſometimes 
ſkrait, ſometimes crooked. The convex part of 
the curve is ſometimes towards the ſplendid, and 
the concave towards that which is obſcure; and 
vice verſa, according to the ſituation of the eye 


with reſpect to the planet, and of the ſun which 
enlightens the planet. N 


Or TE SuN. 


The ſun is the center of the ſyſtem, round 
which the reſt of the planets revolve. It is the 
firſt and greateſt object of aſtronomical knowledge, 
and is alone enough to ſtamp a value on the ſcience 
to which the ſtudy of it belongs. The ſun is the 
parent of the ſeaſons; day and night, ſummer and 


winter, are among it's ſurpriſing effects. All the 


vegetable creation are the offspring of it's beams; 
our own lives are ſupported by it's influence. Na- 


ture revives, and puts on a new face, when it ap- 


proaches nearer to us in ſpring; and ſinks into a 
temporary death at his departure from us in the 


winter. Do 
Hence it was with propriety. called by the 


ancients cor c#li, the heart of heaven; for as the 


heart is the center of the animal ſyſtem, ſo is the 
ſun the center of our univerſe. As the heart is the 


fountain of the blood, and the center of heat and 
motion; fo is the ſun the life and heat of the 
world, and firſt mover of the mundane ſyſtem. 


When the heart ceaſes to beat, the circuit of life is 


at an end; and if the ſun ſhould ceaſe to act, a total 


ſtagnation would take place throughout the whole 


« By 
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« By his magnetic beam he gently warms 
The univerſe, and to each inward part, 
With gentle penetration, though unſeen, 

Shoots inviſible virtue.” 


I be ſun is placed near the center of the orbits 
of all the planets, and turns round his axis in 25 4 
days. It is inclined to the ecliptic in an angle of 
eight degrees. His apparent diameter, at a mean 
diſtance from the earth, 1s about thirty-two. mi- 
nutes, twelve ſeconds. 

Thoſe who are not accuſtomed to aſtronomi- 
cal calculation, will be ſurprized at the real mag- 
nitude of this luminary; which, on account of it's 
diſtance from us, appears to the eye not much 
larger than the moon, which is only an attendant 
on our earth. When looking at the ſun, you are 
viewing a globe, whoſe diameter is abovg 890,000 
Engliſh miles; whereas the earth is not more in 
diameter than 7970 miles: ſo that the ſun is about 

1,392,500 times bigger than the earth. As it is 
the fountain of light and heat to all the planets, ſo 
it alſo far ſurpaſſes them in it's bulk. In propor- 
tion as ſcience has advanced, and more accurate in- 
ſtruments have been made, the magnitude of this 
luminary has been found to exceed conſider ably the 
limits of former calculations. 

If the ſun were every where equally bright, 
his rotation on his axis would not be perceptible; 
but by means of the ſpots, which are viſible on his 
pure and lucid ſurface, we are enabled to diſcover 
this motion. 

When a ſpherical body is near enough to ap- 
pear of it's true figure, this appearance is owing to 
the ſhading upon the different parts of it's ſurface: 
for as a flat circular piece of board, when it is pro- 
perly ſhaded by painting will look like a ſpherical 

body ; ſo a ſpherical body Foes of it's true 
Vor. IV. ſhape, 
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ſhape, for the ſame reaſon that the plane board, in 
the preſent inſtance, appears ſpherical. But if the 
ſphere be at a great diſtance, this difference of 
ſhading cannot be diſcerned by the eye, and con- 
ſequently the ſphere will no longer appear of it's 
true ſhape, the ſhading is then loſt, and it ſeems 
like a flat circle. 

It is thus with the ſun; it appears to us like a 


bright flat circle, which flat circle is termed the 


/ur's diſk. By the aſſiſtance of teleſcopes, dark ſpots 
have been obſerved on this diſk, and found to have 


a motion from caſt to weſt; their velocity is greater 


when they are at the center, than when they are 
near the limb. They are ſeen firſt on the eaſtern 
extremity, oO they come forwards towards 
the middle, and ſo paſs on till they reach the weſ- 
tern edge; they then diſappear; and after they 
have lain hid about the ſame time that they conti- 
nued viſible, they will appear again as at firſt. By 
this motion we diſcover not only the time the ſun 
employs in turning round his axis, but alſo the in- 
clination of 1t's axis to the plane of 'the ecliptic.* 
'The page of hiſtory informs us, that there have 


been periods, when the ſun has wanted of it's accuſ- 
tomed brightneſs, ſhone with a dim and obſcure 


light for the ſpace of a whole year. This ob- 
ſcurity has been ſuppoſed to ariſe from his ſur- 
face being at thoſe times covered with ſpots. 
Spots have been ſcen that were much larger than 

the earth. 
The fun is PIO to have an atmoſphere 
round 


* The obſerver may view the ſpots of the ſun with a refract- 
ing teleſcope of twoor three feet, or a reflecting one of 12 inches, 
13 inches, or two feet, taking care to guard the eye with a dark 
glaſs, to take off the glaring light ; or the image or picture of the 
fun, with his ſpots, may be thrown into a dark room, through a 
teleſcope, and received upon a piece of paper placed nearer or 
further from the glaſs at plealure. 
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round it, which occaſions that appearance which 
Is termed the zodzacal light. This light is ſeen at 
ſome ſeaſons of the year, either a little after ſun- 
ſet, or a little before ſun-riſe. It is faintly bright, 
and of a whitiſh colour, reſembling the milky 
way. In the morning it becomes brighter and 
larger, as it riſes above the horizon, till the ap- 
proach of day, which diminiſhes it's ſplendor, and 
renders it at laſt inviſible. It's figure is that of a 
Hat or lenticular ſpheroid, ſeen in profile. The 
direction of it's longer axis coincides with the 
Plane of the ſun's equator, But it's length is ſub- 
ject to great variation, ſo that the diſtance of it's 
ſummit from the ſun varies from 45 to 120 de- 
ot It is ſeen to the beſt advantage about the 
olſtices. It was firſt deſcribed and named by 
Caſſini, in 1683 ; it was noticed 1 Mr. Childrey, 


about the year 1650. 


Or Tis IxTERTIOR PLAxETs, MERCURY AND 
Venus. 


Or Mrrcury. 8 


Of all the planets, Mercury is the leaſt ; at 
the ſame time, it is that which is neareſt the ſun. 
It is from his proximity to this globe of light, that 
He is ſo ſeldom within the ſphere of our obſerva- 
tion, being loſt in the ſplendor of the ſolar bright- 
. neſs, yet it emits a very bright white light. It is 
oftener ſeen in thoſe parts of the world, which 
are more ſouthward than that which we inhabit; : 
and oftener to us than to thoſe who live nearer 
the north pole; for the more oblique the ſphere 
is, the leſs is the planet's elevation ONS the 


horizon. | 
. C2 Mercury 
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Mercury never removes but a few degrees 
from the ſun. The meaſure of a planet's ſepara- 
tion, or diſtance, from the ſun, is called it's elon— 
_ gation. His greateſt elongation is little more 
than twenty-eight degrees, or about as far as the 
moon appears to be from the ſun, the ſecond 
day after new moon. In ſome of it's revolu- 
tions, the elongation is not more than eighteen 
degrees. 

Mercury is computed to be at about 37 mil- 
lions of miles from the ſun, and to revolve round 
him in 87 days, 23 hours, and nearly 16 minutes, 
which is the meaſure of it's year, about one-fourth 
of our's. As from the nearneſs of this planet to 
the ſun, we neither know the time it revolves 
round it's axis, nor the inclination of that axis to 
the plane of it's orbit, we are neceſſarily ignorant 
of the length of it's day and night, or the variety 
of ſeaſons it may be liable to. Mercury is 3000 
miles in diameter, and therefore contains in ſur- 
face 28,274,400 ſquare miles. Large as Mercury, 
. when thus conſidered, appears to be, it is but an 
atom, when compared with Jupiter, whcſe diameter. 
is 90,000 miles. It's apparent diameter, at a mean 
diſtance from the earth, is 20 ſeconds. 

Mercury 1s ſuppoſed to move at the rate of 
110,680 miles per hour. The ſun is above 
26,000,000 times as big as Mercury; ſo that it 
would appear to the inhabitants of Mercury nearly 
three times larger than it does to us; and it's diſk, 
or face, about ſeven times the ſize we ſee it. As 
the other five planets are above Mercury, their 

henomena will be nearly the fame to. it as to us. 
9 and the earth, when in oppoſition to the 
ſun, will ſhine with full orbs, and afford a bril- 
liant appearance to the Mercurian ſpectator. 

Mercury, like the moon, changes it's phaſes, 


ere to it's ſeveral poſitions, with! reſpect to 
5 the 
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the fin and earth. He never appears quite round 
or full to us, becauſe his enlightened ſide is never 
turned directly towards us, except when he is ſo 
near the ſun, as to become inviſible. The times for 
making the moſt favourable obſervations on this 
planet, are, when it paſſes before the ſun, and is 
ſeen traverſing his diſk, in the form of a black 
ſpot. This paſſage of a planet over the face of the 
ſun, is called a ranſit. It happens in it's lower 
conjunction, at a particular ſituation of the nodes. 

If Mercury, at his inferior conjunction, comes 
to either of his nodes about theſe times, he will 
appear to 7ran/it|over the diſk of the ſun. But 
in all other parts of his orbit his conjunctions are 
inviſible, becauſe he either goes above or below 
the ſun. 


Or Venus. 2 


Nena is the brighteſt and largeſt, to appear- 
ance, of all the planets, diſtinguiſhed from them all 
by a ſuperiority of luſtre : her light is of a white 
colour, and ſo conſiderable, that in a duſky place 
ſhe projects a ſenſible ſhade. 

The diameter of Venus 1s 7,699 Engliſh miles; 
her diſtance from the ſun is about 69,500,000 
miles ; ſhe goes round the ſun in 224 days, 6 hours, 

49 minutes, moving at the rate of 80,955 miles 
per hour. Her motion round her axis has been 
fixed by ſome at 23 hours, 22 minutes ; by others 
at above 24 days. She, like Mercury, conſtantly 
attends the ſun, never departing from him above 
47 or 48 degrees. Like Mercury, ſhe is never ſeen 
at midnight, or in oppoſition to the ſun, being viſible 
only for three or tour hours in the morning, or 
evening, according as ſhe is before or after the 


ſun, 
| = 7 a = One 
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One would not imagine that this planet, which 
appears ſo much ſuperior to Saturn in the heavens, 
is ſo inconſiderable when compared to it; for the 
diameter of Saturn is 79,979 miles; while, on the 
other hand, one would fcarce imagine that Venus, 

which appears but as a lucid ſpangle in the hea- 

vens, was ſo large a globe as ſhe'truly is, her dia- 

meter being 7,699 miles. It is the diſtance which 

produces theſe effects; which gives and takes aw ay 

the magnitude of things. Her apparent ſize varies 
with her diſtance ; at ſome ſeaſons ſhe pps 

nearly 32 times larger than at others. 

When this planet is in that part of it's orbit 
which is weſt of the ſun, that is, from her inferior 
to her ſuperior conjunction, ſhe riſes before. him 
in the morning, and is called phoſphorus, or lucifer, 
or the morning flar. When ſhe appears caſt of the 
ſun, that is, from her ſuperior to her inferior con- 
junction, ſhe ſets in the evening after him; or in 
other words, ſhines in the evening after he ſets, 


and is called beſperus, or Vas, or the evening 


far, 
| The inhabitants of Venus will ſee the planet 
Mercury always accompanying the ſun; and he 
will be to them, by turns, an evening or a morning 
ſtar, as Venus is to us. To the ſame inhabitants, 
the ſun will appear almoſt twice as large as he 
does to us. 
5 Venus, when viewed through a pe is 
ſeldom ſeen to ſhine with a full face; but has 
phaſes, juſt like the moon, from the fine thin cre- 
ſcent to the enlightened hemiſphere. Her illu- 
minated part is conſtantly turned towards the ſun; 
hence it's horns are turned towards the eaſt when 
it is a morning ſtar, and towards the weſt when it 
is an evening ſtar. Some aſtronomers have thought 


they perceived: a ſatellite moving round Venus; 
5 | '4 g but 
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but as ſucceeding obſervers have not been able to 
verify their obſervations, they are ſuppoſed to have 
originated in error, In obſerving the tranſit of 
Venus, Mr. Dunn, and other gentlemen, ſaw a pe- 
numbra which took place about five ſeconds be- 
fore the contact, preceding the egreſs of the pla- 
net ; and from thence they coucluded, that 1t had 
an atmoſphere of about 50 geographical miles in 
height. 

We are told, that, when Copernicus firſt 6M 
liſhed his account of the ſolar ſyſtem, it was ob- 
jected to him that it could not be true, becauſe if 
it was, the inferior planets muſt have different 
phaſes, according to their different ſituation with 
reſpect to the ſun and earth; whereas they always 
appear round to us. The anſwer ſaid to be made 
by him, is, that they appear round to the eye by 
_ reaſon of their diſtance; but if we could have a 
nearer, or more diſtinct view of them, we ſhould 
ſce in them the ſame phaſes we do in the moon. 
The invention of teleſcopes is ſaid to have verified 
this prediction of Copernicus. But it 1s neither 
probable, that a defender of the Ptolemaic ſyſtem 
ſhould make ſuch an objection, or Copernicus ſuch 
an anſwer ; ſince in the Ptolemaic, as well as in 
the Copernican ſyſtem, the ſhape of theſe planets 
_ ought to change, juſt as the moon does; conſequent- 
ly, the mere change of ſhape in the inferior pla- 
nets is an argument, which, in the common way 
of urging it, proves nolbing at all as to the truth 
or fal ſhood of the Copernican ſyſtem. II, beſides 
the changes of ſhape made in the inferior planets, 
we conſider the ſituation of the planets with reſpect 
to the ſun, when theſe changes happen; this, in- 
deed, will ſhew us, that the Ptolemaig ſyſtem i is 
falſe, as will be ſeen in a r mob part of theſe 
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Taking the times in which the planets move 
round the ſun, for the length of their year; and 
the times of their turning round their axes, for the 
length of their days and nights together; and aſ- 


ſuming, as true, the obſervations of Bianchini, re- 
lative to the rotation of Venus round her axis; we 


may ſay, that a day and a night in Venus is as long 


as 23 J days and nights with us; her axis inclines 
75 degrees from the axis of her orbit, on which 
account the length of her days and nights differs 


much more in proportion, and the variation of her 


| ſeaſons is greater than thoſe of our earth. She 


very ſeldom has the forenoon and afternoon of the 
ſame day of an equal length. At her equator ſhe 
has the four ſeaſons twice every year, with other 


peculiarities, which are enumerated in I trea- 


tiſes on this ſubject. 


Venus is ſometimes ſeen paſſing over the diſk 
of the ſun, as a round dark ſpot. ' Theſe appear- 


ances, which are called tranſits, happen very ſel- 
dom ; though there have been two within theſe 
few years, the one in June, 1761, the other in June, 
1769 the next will be in the year 1874. 


Or THE Eanrn. © 


The next planet that comes before us is the 
earth that we inhabit ; ſmall as it really is when 
compared to ſome of the other planets, it is to us 
of the higheſt importance: we wiſh only to attain 
knowledge of others, that we may find out their 
relation to this, and from thence learn our connec- 


tion with the univerſe at large. But when viewed 
with an eye to eternity, it's value to us is height- 


ened in a manner that exceeds expreſſion, and ſur- 


paſſes all the powers of the human mind. He 


None can form ſome idea of it, who in the regions 
of 


LY 
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of celeſtial bliſs is become a partaker of the length 
and breadth, the depth and height, of divine love. 
The orbit of the earth is placed between thoſe 
of Venus and Mars, The diameter of the earth is 
920 miles; it's diſtance from the ſun is nearly 
96 millions of miles, and it goes round him in 
a year, moving at the rate of 68,856 miles per 
hour. It's apparent diameter, as ſeen from the ſun, 
is about twenty-one ſeconds. | 
It turns round it's axis, from weft to eaſt, in 
twenty-four hours, which occaſions the apparent 
diurnal motion of the ſun, and all the heavenly bo- 
dies round it, from eaſt to weſt, in the ſame time; 
it is, of courſe, the cauſe of their riſing and ſetting, 
of day and night. 8 
The axis of the earth is inclined 234 degrees 
to the plane of it's orbit, and keeps in a direction 
parallel to itſelf, throughout it's annual courſe, 
which cauſes the returns of ſpring and ſummer, 
autumn and winter. Thus it's diurnal motion 
gives us the grateful viciſſitude of night and day, 
and it's annual motion the regular ſucceſſion of 
ſeaſons. | 


| Or Tye Moon. ( 


Next to the ſun, the moon is the moſt ſplen- 
did and ſhining globe in the heavens, the ſatellite, 
or inſeparable companion of the earth. By diſſi- 
pating, in ſome meaſure, the darkneſs and horrors 
of the night ; ſubdividing the year into months ; 
and regulating the flux and reflux of the ſea ; ſhe 
not only becomes a pleaſing, but a welcome ob- 
ject; an object affording much for ſpeculation to 
the contemplative mind, of real uſe to the navi- 
gator, the traveller, and the huſbandman. The 


Hebrews, 
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Hebrews, the Greeks, the Romans, and, in general, 
all the ancients uſed to aſſemble at the time of new 
moon, to diſcharge the duties of piety and gratitude 
for it's manifold uſes. | 

That the moon appears ſo much larger than 
the other planets, 15 owing to her vicinity to us; 
for to a ſpectator in the ſun ſhe would be ſcarcely 
viſible, without the aſſiſtance of a teleſcope. Her 
diſtance is but ſmall from us, when compared with 
that of the other heavenly bodies ; for among 
theſe, the leaſt abſolute diſtance, when put down in 
numbers, will appear great, and the ſmalleſt mag- 
nitude immenſe. 

The moon is 2161 miles in diameter; her bulk 
is about three-elevenths of the earth; her diſtance 
from the center of the earth 240,000 miles; ſhe 
goes round her orbit in 27 days, 7 hours, 43 mi- 
nutes, moving at tne rate of 2299 miles per hour. 
The time in going round the earth, reckoning from 
change to change, is 29 days, 12 hours, 44 mi- 


nutes. Her apparent diameter at a mean diſtance 


from the earth, is 31 minutes 16 ſeconds ; but as 
viewed from the fun, at a mean diſtance about 
6 ſeconds. 

Her orbit is inclined to the ecliptic, in an an- 
gle of 5 degrees, 18 minutes, cutting it in two 
points, which are diametrically oppoſite to each 
other; theſe points are called her nodes. The 
nodes have a motion weſtward, or contrary to the 
order of the ſigns, making a complete revolution 
in about nineteen years; in which time, each node 
returns to that point of the ecliptic whence it be- 
fore receded. | 

If the moon were a body ofleſling native 


light, we ſhould not perceive any diverſity of ap- 


pearance ; but as ſhe thines entirely by light re- 
ceived from the ſun, and reflected by her ſurface, 


it follows, that according to the ſituation of the 
beholgep 
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beholder with reſpect to the illuminated part, 
he will ſee more or leſs of her reflected beams; for 
only one half of a globe can be enlightened at 
once. 

Hence, while ſhe is making her revolution 
round the heavens, ſhe undergoes great changes in 
her appearance. She is ſometimes on our meri- 
Gian at midnight, and therefore in that part of the 
heavens which is oppoſite to the ſun; in this ſitua- 
tion ſhe appears as a complete circle, and it is 
ſaid to be Full moon. As ſhe moves eaſtward, ſhe be- 
comes deficient on the welt ſide, and in about 
75 days comes to the meridian, at about ſix in the 
morning, having the appearance of a ſemicircle, 
with the convex ſide turned towards the ſun; in 
this ſtate, her appearance is called the half moan. 
Moving on ſtill eaſt ward, ſhe becomes more defi- 
cient on the weſt, and has the form of a creſcent, 
with the convex fide turned towards the ſun; this 
creſcent becomes continually more ſlender, till 
about fourteen days after the full moon ſhe is fo 
near the ſun, that ſhe cannot be ſeen, on account 
of his great ſplendor. About four days after this 
diſappearance, ſhe is ſeen in the evening, a little 
to the eaſtward of the ſun, in the form of a fine 
creſcent, with the convex fide turned from the 
ſun; moving ſtill to the eaſtward, the creſcent, 
becomes more full; and when the moon comes ta 
the meridian, about fix in the evening, ſhe has 
again the appearance of a bright ſemicircle ; ad- 
vancing ſtill to the eaſtward, ſhe becomes fuller on . 
the eaſt ſide; at laſt, in about 29 4 days, ſhe is again 
oppolite to the ſun, and again full. 

It frequently happens, that the moon is eclip- 
ſed when at the full; and that the ſun is eclipſed 
ſome time hetween the diſappearance of the moon 
in the morning on the welt fide of the ſun, and 
her appearance in the evening on the eaſt fide of 

the 
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the ſun. The nature of theſe phenomena will be 
more fully conſidered, when we come to treat par- 
ticularly of eclipſes. 

In every revolution of the moon about the 
earth, ſhe turns once round upon her axis, and 
therefore always preſents the ſame face to our 
view; and as, during her courſe round the earth, 
the ſun enlightens ſucceſſively every part of her 
globe only once, conſequently ſhe has but one day 
in all that time, and her day and night together 
are as long as our lunar month. As we ſee only 
one ſide of the moon, we are therefore inviſible to 
the inhabitants on the oppoſite fide, without they 
take a journey to that ſide which is next to us, for 
which purpoſe ſome of them muſt travel more 
than 1500 miles. 
| As the moon illuminates the earth by a light 

reflected from the ſun, ſhe is reciprocally enlight- 
enced, but in a much greater degree, by the earth; 
for the ſurface is above thirteen times greater than 
that of the moon; and therefore, ſuppoſing their 
power of reflecting light to be equal, the earth 
will reflect thirteen times more light on the moon 
than ſhe receives from it. When it is what we 
call new moon, we ſhall appear as a full moon to 
the Lunarians; as it increaſes in light to us, our's 
will decreaſe to them: in a word, our earth 
will exhibit to them the ſame phaſes as ſhe does 
to us. 
Me have already obſerved, that from one half 
of the moon the earth is never ben; from the mid- 
dle of the other half, it is always ſeen over head, 
turning round almoſt thirty times as quick as the 
moon does. To her inhabitants, the earth ſeems 
to be the largeſt body in the univerſe, about thir- 
teen times as large to them, as ſhe does to us. 
As the earth turns round it's axis, the ſeveral 
continents and iflands appear to the Lunarians 
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as ſo many ſpots, of different forms; by theſe 
ſpots, they may determine the time of the earth's 
diurnal motion; by jtheſe ſpots, they may, per- 
haps, meaſure their time, —they cannot have a 
better dial. | 


Or THE SUPERIOR PLANETS. 


Mars, Jupiter, Saturn, and the Georgium Si- 
dus, are called ſuperior planets, becauſe they are 
higher in the ſyſtem, or farther from the center of 
it, than the earth is. 707 

They exhibit ſeveral phenomena, which are 
very different from thoſe of Mercury and Venus ; 
among other rhings, they come to our meridian 
both at noon and midnight, and are never ſeen 
croſling the ſun's diſk. 


Or Mas. 4 


Mars is the leaſt bright and elegant of all the 
lanets; it's orbit lies between that of the earth 
and Jupiter, but very diſtant from both. He ap- 
pears of a duſky reddiſh hue; from the dullneſs of 
his appearance, many have conjectured that he is 
encompaſſed with a thick cloudy atmoſphere ; 
his light is not near ſo bright as that of Venus, 
though he is ſometimes nearly equal to her in 

ſize. | 935 
Mars, which appears ſo inconſiderable in the 
heavens, is 5, 309 miles in diameter. It's diſtance 
from the ſun is about 146,000,000 miles. It gocs 
round the ſun in 1 year, 321 days, 23 hours, mov- 
ing at the rate of 55,287 miles per hour. It re- 
volves round it's axis in 24 hours, 39 minutes. To 
an inhabitant in Mars, the ſun would appear one- 
„ third 
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third leſs in diameter than it does to us. It's ap- 
parent diameter, as viewed at a mean diſtance from 
the earth, is 30 ſeconds. 

Mars, when in oppoſition to the ſun, is five 
times nearer to us than when in conjunction. This 
has a very viſible effect on the appearance of the 
planet, cauſing him to appear much larger at ſome 

eriods than at others. 

The analogy between Mars and the earth is by 
far the greateſt in the whole ſolar ſyſtem-; their 
diurnal motion is nearly the ſame; the obliquities 
of their reſpective ecliptics not very different. Of 
all the ſuperior planets, that of Mars is by far the 
neareſt like the earth : nor will the Martial year 
appear ſo diſſimilar to our's, when we compare it 
with the long duration of the years of Jupiter, Sa- 
turn, and the Georgium Sidus. It probably has a 
conſiderable atmoſphere ; for beſides the perma- 
nent ſpots on it's ſurface, Dr. Herſchel has often 

erceived occaſional changes of partial bright 
belts, and alſo once a darkiſh one in a pretty high 
fatitude ; ; alterations which we can attribute to 
no other cauſe than the variable diſpoſition of 
clouds and vapours floating in the 2 geen of 
the planet. 

A ſpectator in Mars will rarely, if ever, fee 
Mercury, except when they ſee it paſſing over the 
fun's diſk. Venus will appear to him at about the 
fame diſtance from the fun, as Mercury appears to 
us. The earth will appear about the ſize of 
Venus, and never above 48 degrees from the jun 
and will be, by turns, a morning and evening ſtar 
to the inhabitants of Mars. It appears, from the 
moſt accurate obſervations, that Mars is a ſpheroid, 
or flatted ſphere, the equatorial diameter to the 
polar being in the proportion of about 131 to 127; 
and there is reaſon to ſuppoſe, that all the planets 


are of this figure. 
Or 
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Or JuPpIToR. Y 


Jupiter is ſituated ſtill higher in the ſyſtem, 
revolving round the ſun, between Mars and Saturn. 
It is the largeſt of all the planets, and eaſily diſ- 
Linguiſhed from them by his peculiar magnitude 
and light. To the naked eye it appears almoſt as 
large as Venus, but not altogether ſo bright. 

Jupiter revolves round it's axis in 9 hours, 56 
minutes; it's revolution 1n it's orbit to the ſame 
point of the ecliptic is 11 years, 314 days, 10 
Hours. The diſproportion of Jupiter to the earth, 
in ſize, is very great; viewing him in the heavens, 
we conſider him as ſmall in magnitude; whereas 
he is in reality 90,228 miles in diameter. His 
diſtance from the fun is 499,750,000 miles; he 
moves at the rate of rather more than 29,083 miles 
per hour. His apparent diameter, as ſeen at a- 
mean diſtance from the earth, 1s 39 ſeconds. 

To an eye placed in Jupiter, the ſun would 
not be a fifth part of the ſize he appears to us, and 
his diſk be 25 times leſs. Though Jupiter be the 
largeſt of all the planets, yet his revolution round 
his axis is the ſwifteſt. The polar axis is ſhorter 
than the equatorial one, and his axis perpendicular 
to the plane of his orbit. | 

Jupiter, when in oppoſition to the ſun, is much 
nearer the carth, than when he is in conjunction 
with him ; at thoſe times. he appears allo larger, 
and more luminous than at other times. 

In Jupiter, the days and nights are of an equal 
length, each being about five hours long. We 
have already obſerved, that the axis of his diurnal 
rotation 18 nearly at right angles to the plane of 
his annual one, and conſequently there can be 
ſcarce any difference in ſeaſons ; and here, as far 

as 
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as we may reaſon from analogy, we may diſcover 
the footſteps of wiſdom: for if the axis of this 
planet were inclined by any conſiderable number 
of degrees, juſt ſo many degrees round each pole 
would, in their turn, be almoſt ſix years in dark- 


neſs; and as Jupiter is of ſuch an amazing ſize, in 


this caſe immenſe regions of land would be unin- 


habitable. 


Jupiter is attended by four ſatellites, or moons; 
theſe are inviſible to the naked eye; but through 


a teleſcope they make a beautiful appearance. As 


our moon turns round che earth, enlightening the 


nights, by reflecting the light the receives from the 
fun, fo theſe alſo enlighten the nights of Jupiter, 


and move round him in different periods of time, 
proportioned to their ſeveral diſtances: and as the 


moon keeps company with the earth in it's annual 


revolution round the ſun; ſo theſe accompany 
Jupiter in his coarſe round that luminary. 

In ſpeaking of the fatellites, we diſtinguiſh 
them according to their places, into the firſt, the 
fecond, and ſo on; by the firſt, we mean that 


which is neareſt to the planet. 


| The outermoſt of Jupiter's fatellites will ap- 
pear almoſt as big as the moon does to us; five 
times the diameter, and twenty-fve times the diſk 
of the ſun. The four ſatellites muſt afford a pleaſ- 
ing ſpectacle to the inhabitants of Jupiter ; for 


ſometimes they will riſe all together, ſometimes be 


all together on the meridian, ranged one under ano- 
ther, beſides frequent eclipſes. Notwithſtanding the 


diſtance of Jupiter and his ſatellites from us, the 


eclipſes thereof are of conſiderable uſe, for aſcer- 


taining with accuracy the longitude of places. 


From the four fatellites the inhabitants of Jupiter 


will have four different kinds of months, and the 


number of 980 in their year not tefs than 
4.590 
An 


An aſtronomer in Jupiter will never ſee Mer- 
cury, Venus, the Earth, or Mars; becauſe, from 
the immenſe diſtance at which he is placed, they 
muſt appear to accompany the fun, and riſe and 
ſet with him : but then he will have for the ob- 
jects of obſervation, his own four moons, Saturn, 
is ring and fatellites, and probably the Georgium 
Sidus. 1 | 


Or SATURN, 2 


Before the diſcovery of the Georgium Sidus, 
Saturn was reckoned the moſt remote planet in 
our ſyſtem ; he ſhincs but with a pale feeble light, 
leſs bright than n though leſs ruddy than 
Mars. The uninformed eye imagines not, when 
it is directed to this little ſpeck of light, that it is 
viewing a large and glorious globe, one of the moſt 
ſtupendous of the planets, whoſe didmeter is 


it's appearance in the heavens ; for we are to con- 
ſider, that all objects decreaſe in their apparent 
magnitude, in proportion to their diſtance ; but the 
diſtance of Saturn is immenſe; that of the earth 
from the ſun is 96,000,000 miles; of Saturn, 
916,500,000 miles! | 

The length of a planet's year, or the time of 
it's revolution round it's orbit, is proportioned to 
it's diſtance from the-ſun. Saturn goes round the 
ſun in 29 years, 167 days, 6 hours, moving at the 
rate of rather more than 22,298 miles per. hout: 
His apparent diameter at a mean diſtance from the 
earth is 16 ſeconds _ 5 : 

It has not yet been aſcertained by aſtronomi- 
cal obſervation, whether Saturn revolves or not 
upon his axis: we are therefore ignorant of the 


Vol. IV. D length 
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79,979 miles. We need not, however, be ſurpriſed 
at the vaſt bulk of Saturn, and it's diſproportion to 
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! length of his day, and of his night. The ſun's diſk 
will appear ninety times leſs to an inhabitant of 
Saturn than it does to us; but notwithſtanding the 
ſun appears ſo ſmall to the inhabitants of the re- 
gions of Jupiter and Saturn, the light that he will 
afford them is much more than would be at firſt 
| ſuppoſed ; and calculations have been made, from 
which it is inferred, that the ſun will afford 00 
times as much light to Saturn, as the full moon to 


us; and 1600 times as much to Jupiter. To eyes 
like our” s, unaſſiſted by inſtruments, Jupiter and 


the Georgium Sidus would be the only planets ſeen 
from Saturn, to whom Jupiter would ſometimes 
be a morning, ſometimes an evening ſtar. 


One of the firſt diſcoveries of the teleſcope, 


when brought to a tolerable degree of perfection, 
was, that Saturn did not appear like other planets, 


Galileo, in 1610, ſuppoſed it compoſed of 3 ſtars, 


or globes, a larger in the middle, and a ſmaller on 


each ſide; and he continued his obſervations till 
the two leſſer ſtars diſappeared, and this planet 
looked like the others. Further obſervation ſhewed, 
that what Galileo took for two ſtars, were parts of 
a ring. This ſingular and curious appendage to 
the planet Saturn, is a thin, broad, opake ring, en- 
compaſſing the body of the planet, without touch- 


ing it, like the horizon of an artificial globe, ap- 


pearing double when viewed through a good tele- 


ſcope. - The ſpace between the ring and the globe 


of Saturn, is ſuppoſed to be rather more than the 
breadth of the ring ; the plane of the ring is in- 
clined to the plane of the ecliptic, in an angle of 
30 degrees, and is about 21,000 miles in breadth. 

It puts on different appearances to us, ſometimes 
being ſeen quite open, at others only as a line upon 
the equator. It is probable that it at times caſts 
a ſhadow over vaſt regions of Saturn's body. This 


ring 
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ring ſuſpended round the body of the planet, and 
keeping it's place without any connection with the 
body, is quite different from all other planetary 
phenomena with which we are acquainted. But 
this is rendered ſtill more ſurpriſing by the diſco- 


veries of Dr. Herſchel, who finds that the planet 


Saturn has two concentric rings, of unequal dimen- 
ſions and breadth ſituated in one plane, which is 
probably not much inclined to the equator of the 
planet. Theſe rings are at a conſiderable diſtance 
from each other, the ſmalleſt being much leſs in 
diameter at the outſide, than the largeſt is at the 
inſide ; the two rings are entirely detached from 
each other, ſoas plainly to permit the open heavens 
to be ſeen through the vacancy between them. Of 
the nature of this ring, various and uncertain were 
the conjectures of the firſt obſervers; though 
more perplexed, than thoſe of the lateſt, Of it's 

uſe to the inhabitants of Saturn, we are as ignorant 


as of it's nature. | 


Saturn 1s not only furniſhed with this beauti- 
ful ring, but it has alſo ſeven attendant moons. 


OF THE GEORGIUM SIDUs. H 


From the time of Huygens and Caſſini, to 
the diſcovery of the Georgium Sidus by Dr. Her- 
ſchel, though the intervening ſpace . was long, 
though the number of aſtronomers was increaſed, 
though aſſiduity in obſerving was aſſiſted by ac- 
curacy and perfection in the inſtruments of 
obſervation, yet no new diſcovery was made in 
the heavens, the boundaries of our ſyſtem were not 
enlarged. The inquiſitive mind naturally in- 
quires, why, when the number of thoſe that cul- 

| | D 2 | tivated 


— æ— * 
== — 


* 9 
—— 4 ee ee —ͤ—yU—õ 
— . ASL 8 


— — — OSSTIINnY 


— 


== — — 
— noe 
TO 


— 
DE — 


— — — — 
————— — 


— at... hi. 


Z a won, 
9 


— — — . —— — — — — ——— ͤ &——Q—E— n — — 


36 LOTrURES on NATURAL PriLoSoPHY. 


tivated the ſcience was increaſed, when the ſcience 
itſelf was ſo much improved, in practical diſcove- 
ries it was ſo deficient? A ſmall knowledge of 


the human mind will anſwer the queſtion, and 


obviate the difficulty. The mind of man has 
a natural propenſity to indolence ; the ardour of it's 
purſuits, when they are unconnected with ſelfiſh 
views, are ſoon abated, ſmall difficulties diſcourage, 
little inconveniences fatigue it, and reaſon ſoon 
finds excuſes to juſtify, and even applaud this 
weakneſs. In the preſent inſtance, the unma- 
nageable length of the teleſcopes that were in 
uſe, and the continual expoſure to the cold 
air of the night, were the difficulties the aſtro- 
nomer had to encounter with; and he ſoon per- 
ſuaded himſelf, that the ſame effects would be pro- 
duced by ſhorter teleſcopes, with equal magnify- 
ing power; herein was his miſtake, and hence the 
rcalon why ſo few diſcoverics have been made 


ſince the time of Caſſini. A ſimilar inſtance of the 


retrogradation of ſcience occurs in the hiſtory of 
the microſcope, as I have ſhewn in my eſlays on 
that inſtrument. 


The Georgium Sidus was diſcovered by Dr. 


Herſchel, in the year 1781; for this diſcovery he 
obtained, from the Royal Society, the honorary re- 
compence of Sir Godfrey Copley's medal. He 
named the planet in honour of his Majeſty King 
George III. the patron of ſcience, wha has taken 


Dr. Herſchel under his patronage, and granted . 


him an annual falary. By this munificence he has 
given ſcope to a very uncommon genius, and ena- 
bled him to proſccute his favourite ſtudics with 
unremitted ardour. 

In ſo recent a diſcovery of a planet ſo diſtant, 


many particulars cannot be expected. It's year is 
apf oſed to be more than 80 years; it's diameter 
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8, 049, 256 times as large as the earth. 
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34,299 miles; diſtance from the ſun about 1,832 
millions of miles; the inclination of it's orbit 
43 degrees 35 ſeconds ; it's diameter, compared 
to that of the earth, as 431,769 to 1; in bulk it is 
It's light 
is of a blueiſh white colour, and it's brilliancy be- 
tween that of the moon and Venus. 

Though the Georgium Sidus was not known 
as a planet till the time of Dr. Herſchel, yet there 
are many reaſons to ſuppoſe it had been ſeen be- 
fore, but had then been conſidered as a fixed ſtar, 


Dr. Herſchel's attention was firſt engaged by the 


ſteadineſs of it's light ; this induced him to apply 
higher magnifying powers to his teleſcope, which 
increaſed the diameter of it: in two days he obſer- 
ved that it's place was changed; he then conclu- 
ded it was a comet; but in a little time he, with 
others, determined thar 1t was a planet, from it's 
vicinity to the ecliptic, the direction of it's motion, 


being ſtationary in the time, and in ſuch circum- 


ſtances as correſpond with ſimilar appearances in 


other planets. | 
With a teleſcope, which magnifies about 300 


times, it appears to have a very well-defined vi- 


ſible diſk; but with inſtruments of a ſmaller power 
it can hardly be diſtinguiſhed from a fixed ſtar be- 
tween the ſixth and ſeventh magnitude. When 
the moon is abſent, it may alſo be ſeen by the na- 


ked eye. 


Dr. Herſchel has ſince diſcovered, that it is 
attended by two ſatellites: a diſcovery which gave 
him conſiderable pleaſure, as the little ſecondary 
planets ſeemed to give a dignity to the primary 
one, and raiſe it into a more conſpicuous ſituation 
among the great bodies of our ſolar ſyſtem. 

As the diſtances of. the planets, when marked 
5 D 3 in 
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in miles, are a burden to the memory, aſtronomers 
often expreſs their mean diſtances in a ſhorter way, 
by ſuppoſing the diſtance of the earth from the 
ſun to be divided into ten parts. Mercury may 
then be eſtimated at four of ſuch parts from the 
ſun, Venus at ſeven, the earth at ten, Mars at fif- 
teen, Jupiter at fifty-two ſuch parts, Saturn at 
ninety-five, and the Georgium Sidus 190 parts. 


bl 
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'TaBLEs or THE DIAMETERS, DISTANCES, &c. OF 
THE PLANETS. 


Accompanied with various compariſons, in order to 
render the ideas of theſe diſtances, Sc. clearer to 
the mind. TE 


When you endeavour to form any idea of dif- 
tance, magnitude, or duration, by numbers only, you 
ſoon exceed the limits of conception, and find your 
faculties of reaſoning as finite as your ſenſes. Hence 
aſtronomers are frequently obliged to have recourſe 
to mixed ideas, and make things of different nature 
and properties aſſiſt each other, to excite more 
adequate ideas of what they would have expreſſed. 
Some of theſe methods I ſhall now lay before you, 
to aſſiſt your imagination in forming it's ideas of 
the vaſt diſtances and ſizes of the planets. . 


= 


Proportion 


Diameters [[n diam. F er of 
in Engliſh] of the ſof ſurface bulk with re- 
miles. earth. [with reſpectſ ſpe to the 
5 to the earth. | earth. 
Sun = $93,522] 113 [12,719 [1,434,400 
Mercury „„ | I _— 
Venus — 7,099 33] NEAT I 1 
Earth 7,920 1 1 1 
Moon 7 2,161 I above 37 > 
Mars = 5.312 2 4 & 
Jupiter = | 90,255] 11 3 1294 1,479 
Saturn 80,012] 10 102 10 
Georgium : _ 
Sidus HE 7]. e a SL 2 
/ 
D4 Mran 


o 
«* 
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Mean DisTaxces in MILLIons or MILES. 


«a 


The diſtances being very great, the neareſt 
million only is inſerted, that it may be eaſier re- 


membered. 
Diſtances from the Sun. Difference between the greateſt & 
| Millions of | leaſt diſtance of the ſun from the 
. miles. earth in millions of miles. 
Sun — 1 | | | 3 
Mercury = 377 | 74 76 
Venus = 693 | 139 
Earth — 936 3 
Moon 33-570 miles, 
i 1 Millions, 
Mars | 1464 192 
Jupiter - | 4994 | 192 
Saturn - | 9162 192 
Georg. Sid. | 1,832 | | 192 
 PexIODS ROUND THE SUN ACCORDING TO OUR YEARS 
AND MoNTus. 
| | rogreſſive mo- 
tion in their 
| I orbit miles per 
: years. days. hours. min. | ſec. | hour, 
Mercury - | — | 87] 23 | 15 | 37 | 110,689. 
Venus | — |] 224] 16 | 49 | 12 80,955 
_ Earth - |— | 36s] 5| 48 | 45 | 68,856 
' Mars - | — | 686| 23 | 30 | 63 | 55,783 
| Jupiter - | 11 | 314] 12 -——| 30,193 
Saturn = | 29 | 167] 5 i 22,299 
Seorgium) Io . | | 
Sidus 9 ——— — 1647 
7 days. hours. min. 
' Moon's periodical revo- 7 1 
lution round the carth| *t 7 +>] 1999 
Synodical revol. or from: eel 
change to change MO ON | 


| . The 
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The following table from Mr. Vince's plan of a 
Courſe of LeQures, may be conſidered as more 


accurate; it is deduced from M. de la Lande's 
[mean diſt Sid. Rev. Nod. in 1750[lhe'.1 756. aphelia 1550. 
f : £ d. h. 1 ”" 5. o 7 un 8 0. I Ht 

Mercury 87100 87 23 15 14]1 15 20 4347 © 08 13 28 25 
Venus 723331 224 16 49 13] 14 26 18/3 23 35 flo 7 46 42 
Earth - . | 10c06c} 365 6 9 12 13 8 39 34 
Mars = 152369] 686 23 39 3601 17 38 38]1 51 of 5 1 28 14 
Jupiter - | 520275] 4332 14 27 116 7 55 321i 18 56 | 6 10 21 4 
Saturn = 954072910759 1,51 115 21 32 220 2 29 50 | 8 28 9 7 
Geor. Sidus |1.00818c[83vr. 157d. 18h. 12 33 3100 46 20 [11 17 6 44 


Revolution on it's own axis according to 


Sun — 
Mercury 
Venus 
Farth 

Mars 

Jupiter 
Saturn 


1 


1 | 


Sidus 


our days. 
1 h. PR 
25 6 | 
unknown. 

| 23 22 


| 50 39 
9 


unknown. | 


Moon _ L 


2) | 71431 


I 


f 


Motion on it's axis, 
miles per hour. 


3.987 


unknown. 


1,065 


1,042 
2 56 
25,920 
unknown. 
unknown. 
near 104 


The rotation of Saturn, agreeable to Dr. 
Uſher's computations, is 10 hours, 124 minutes. 
A different reſult was, however, obtained, by taking 
the denſity of Saturn, as ſtated by M. de la Lande. 
Dr. Herſchel has ſettled the rotation of Saturn's 
ring at 10 hours, 32 minutes, 16 ſeconds. 


% 


Light 


42 LC TURES on NATURAL PRILOSO HY. 


l Light and heat in proportion to | Appearance of the fun 
| | | what the earth receives. in proportion to what 
8 | itappearsontheearth, 
l Mercury |7 TE more | 7 times greater 
1 Venus double twice as great 
Earth 1 „ 

| Mars {half | half as big 

5 Jupiter [one 27th. one 27th. 

4 Saturn - one 91 one 91 
Scorg. Sid. one 364th. one 364th 

F Moon - I 3 

| 

| 


| Sun's apparent diameter, 1 min. 41 ſec, 


AND PLANETS. 


% 


| ECD: 
| Dis TAN CES AND APPARENT DIAMETERS OF THE SUN 
| 


Appar. Diam. viewed 


= Diſtances from the Earth. from the Earth. 
Is I. Gueateſt, | Leaſt, mill.| Mean. mill.||Greateſt, Leaſt. _ | Mean. 
| = 8 5 of miles. | of * 5 „ 
| Sun 972 942 90 1132 3 1 34132 5 
; Mercury 1333| 58? 96 ||o 11 70 5 0 7 
| Venus | 16g4 26 J 96 [x of o 10 0 17 
Farth - | Dy % eo © 
i Mars - 24234 Fo 1463] 0 22 o 40 7 
| Jupiter - f $5954 34] 4995] 0 46]. 0 31/0 37 
{ Saturn 1.0123] 8204 91630 18] o 14/0 37 
| Georg. Sid.] 1.928 1 1730 | 1832 [0.3.9 03.9] 0 16 
i 8 ES. | 

| 155 miles. miles. miles. | 3.9 
| Moon [256.785 [223.211 [240.000 33.3628. 55. 30031 15 


It has been found, that a cannon-ball moves 
about 8 miles in one minute, 704. feet in a ſecond; 
ji and that ſound moves about 1 3 miles in one mi- 
WP nute, 1144 feet ina ſecond. 
| A very high wind may make ſound move one 
| mile 


1 OO 
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mile in 4 ſeconds, 4. that is, in about one- 
twentieth leſs time than in calm weather. 

Ihe moſt violent ſtorm does not move above 
1 mile in a minute, 88 feet in a ſecond. 
From hence it has been computed, that a body 
iſſuing from the ſun, with the ſwiftneſs of a cannon- 
ball, that is, 8 miles in a minute, would employ the 
following time 1n reaching. | 


| | 2 2 | 
BEES: 
| | years | 8 3188 
Mercury - = = 8 10 6] 13 | 18 
Venus = = = 16 67] $4] 20 [68 
Earth ' = =: = 22] 10 | 4 | 21 | 20 
Mars 34 219 | 16 35 
Jupiter :*: 118}. .94 3-126 1.40 
Saturn 217] 10 | 2 | 19 | 16 
Georgium Sidus - | 435] 1 % 0 | 40 
Any fixed ſtar that 5 
has been accu- 0 7,000,000 
rately obſerved q Te 0 


A xray of light comes from the ſun to the earth 
in 8 min. 13 ſec. moves therefore 11,693,462 miles 


1n one minute, 194,891 miles in one ſecond. 


A ray of light comes from the moon in 1 ſe- 


cond, 23 


From the very accurate obſervations of Dr. 
Bradley, it is inferred, that no fixed ſtar of the 
great numbers obſerved by him, can be at a leſs 
diſtance from the earth than about 400,000 diſ- 


tances of the ſun from the earth; ſo that a ray of 
light, which comes to the earth in eight minutes, 


thirteen ſeconds, iſſuing from ſuch a ſtar, muſt re- 
quire 6 years and 3 months to reach the caxth, 
| | | 10 The 


£0 3611 19803 4 miles per ſecond, 
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3 The following may therefore be conſidered as 
proportionable diſtances of the celeſtial bodies 
from the ſun. N 


: Mercury - 28 yards. 
Fenus = | 52 yards. 

Farth - - | 79 ditto. 
Mars 109 ditto. 


Jupiter = 273 ditto. 
Saturn. = = | 684 ditto. 
Georg. Sidus | 1357 miles. 


Moon 6 + inches from the earth, Syrius 8410 miles. 


PROPORTIONVAL MAGNITUDE, 
Sun - | 2"feet in diameter. 
Mercury -[ of an inch. 
Venus [z of an inch. 
Earth — 2 1780 

Jupiter < | 24 inches. 

Saturn = = | 2; inches. 
Georg. Sidus | about 1 inch. 


The diſtance of Syrius is 18,717,442,690,526 
miles. A cannon-ball going at the rate of 19.05 
miles per minute, would only reach it in about 
1,868,307 years, 88 days, 24 hours. The circum- 
ference of it's orbit is 117605162638454 ; if the 
ſtar moved through this ſpace in 24 hours, it mult 


Such is the immenſe diſtance even of a ſtar of 


- 


the firſt magnitude, that, ſuppoſing the world to 


have exiſted 6000 years, and the diſtance to be re- 
duced to 311 or 311.333 inches, or 25 feet 11 
inches, then a cannon-ball, going at the rate of 1143 

| TE miles 
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miles per hour, and ſet in motion at the creation 
of the world, would now have paſſed only oze inch 
of that reduced ſpace ; becauſe one inch bears the 
ſame proportion to 311,3 as the diſtance which the 
ball would go in 6000 years does to the whole diſ- 
tance of the ſtar. So, 

If a cannon- ball goes 1 inch i in 6000 years, how 
far will it go in 1868307 e, 311.333, or 
25 feet, 11 inches. Or, 

If a cannon-ball goes 1 $7 17442690526 miles 
in 1868307 years, how far will it go in 6000 ?— 
Anſ. 60110386645, which number is to 18717, &c. 
as 1 inch is to 311.333. 

the ſame rule, if we ſuppoſe a ſtar of the 
. third, tenth, one-hondredth magnitude, it's 
diſtance will be proportionably great, and the ſpace 
one throygh proportionably ſmall ; that is, in the 
pa. time the ball would have gone only one-half, 
one-third, one-tenth, one hundredth of an inch. 
With reſpect to a ſtar of the third magnitude, 
it would now have paſſed through a ſpace one 
barley corn ; with reſpect to one of the four-hun- 
dredth, not the ipace correſponding to one hair's 
breadth, reckoning 400 hairs — one inch. 

This ſuppoſes that a ſtar of the third, tenth, 
four-hundredth magnitude, is 3, 10, 400 times as 
diſtant as one of the firſt; and we may allo ſup- 
poſe that a ſtar which cannot be ſeen but with.a 
power of 100, 1000, &c. is 100 and 1000 times 
more diftant than one which the naked eye can juſt. 
diſcover. | 

The diſlance of a ſtar of the ſecond magnitude 
18 37434885381053 4 miles; the diameter of it's 
orbit == 74869770762107. 

The circumference of it's orbir 23521032 f- 
276908.7; a degree of this is 653362014658 ; a 

minute, 10889366910.75 ; a ſecond, 181489448 2. 


A cannon-ball would require 572 16 years, 86 days, 
. ' 6 hours, 


* 


— — — . — — 


is 1 degree, 23 minutes, 12 ſeconds. 
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6 hours, 17 minutes, 13 ſeconds, to go through one 
degree of this orbit; 1086 years, 342 days, 2 hours, 
30 minutes, 17 ſeconds, to paſs through one minute, 
and 18 yeats, 42 days, 4 hours, 50 minutes, 30 
ſeconds, to go over one /econd of it. | 
The diſtance between 53 and e in Orion's belt, 


0 I 71 


Between e and & — — „„ 
Between d ane! 12 4 21 


Now taking the whole years, and neglecting 
the fractions of the above numbers 652161086, &c. 


183 a cannon- ball would be 90410 years in paſſing 


from to e, 88184 in going from « to &, and 178594 
from à to 2. : nw, 

So likewiſe the diſtance between » and g, urſa 
major, or the two hind wheels of the placeſtrum, is 
5* 23 miles, 20 ſeconds, which a cannon-ball 
would require 351418 years to paſs over. | 

This evidently ſuppoſes, that all ſtars of equal 


magnitude are equally diſtant, (not that this is cer- 


tain, or even probable ; but ſome data muſt be aſ- 
fumed,) and though not accurate, equally ſhew the 
wonders of God's creation. - + . 


Ihe diameter of the earth. being 7.920 miles, 


the ſurface in round numbers may be called 200 
millions of ſquare miles. VE 


Millions. „ 
The ſurface = 200 J Of that 40, America is 
Whereof the 10 5 14, about 3; Aſia 11, 
; + 160 | : : 
occupies about ; Africa 10, 2; 
The land - --. 40 Europe not 5, not 3. 


Place 


4 
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place of the We for 1 750. Annual motion of the nodes. 


ſſigu. deg. min. ſec. min. ſec. 

Mercury 1 15 20 43 „„ „ 

Venus - 2 14 26 18 190 2 
Mars — [ 17 38 38 22 2 
Jupiter = | 3 7 55 32 14 5 
Saturn — | 21 32 22 16 9 
IFC} 


Georg. Sid. 


Inclination of the orbits. 
Mercury -. | 7 © © 
Venus :=::4- 3+ 23-35. 
Mars - 161 0 
Jupiter - [I 18 56 
Saturn —- 2 19 $0 
Georg. Sid. o 46 20 


I ſhall conclude this general ſurvey of the ſo- 
lar ſyſtem in the words of that excellent mathema- 
tician, Mr. Maclaurin. The view of nature, which 
is the immediate object of ſenſe, is very imperfec, 
and of ſmall extent; but by the aſſiſtance of art, 
and the aid of reaſon, becomes enlarged, till it loſes 
itſelf in infinity. As magnitude of every fort, ab- 
ſtractedly conſidered, is capable of being increaſed 
to infinity, and is alſo diviſible without end; ſo we 
find, that in nature the limits of the greateſt and 
leaſt dimenſions of things are actually placed at an 
immenſe diſtance from each other. 

e We can perceive no bounds of the vaſt ex- 
panſe, in which natural cauſes operate, and fix no 
limit, or termination, to the univerſe. The objects 
we commonly call great, vaniſh, when we contem- 
plate the vaſt body of the earth. The terraque- 
ous globe itſelf is loſt in the ſolar ſyſtem ; the ſun 
itſelf dwindles into a ſtar; Saturn's vaſt orbit, and 
all the orbits of the comets, crowd into a point, 
when viewed from numberleſs places between the 
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earth and the neareſt fixed ſtars. Other ſuns kindle 
to illuminate other ſyſtems, where qur ſun's rays 
are unperceived; but they alſa are ſwallowed up in 
the vaſt expanſe. When we have riſen ſo high, 


as to leave all definite meaſures far behind us, we 


find ourſelves no nearer to a term, or limit. 
« Our views of nature, however imperfect, 
ſerve to repreſent to us, in a mpſt ſenſible manner, 


that mighty power which prevails throughout, ac- 
ting with a force and efficacy that ſuffers no dimi- 
nution from the greateſt diſtances of ſpace or in- 


tervals of time; and to prove that all things are or- 
dered by infinite wifdom, and perfect gooduels. 
Scenes which ſhould excite and animate us to cor- 
reſpond with the general harmony of nature.“ 


6 


LECTURE XXXVIII. 


FxPLaNATION OF THE" SEASONS, AND OTHER PHENO= 
an THE COPERNICAN SYSTEM. las £5 


\ 


I AMn now going to 980 the earth as a planet, 

having already given you an outline of the ſolar 
ſyſtem, of which the ſun is the center, with the 
ſeven planetary globes revolving in their reſpective 
orbits around him. The earth we inhabit is one 
of theſe ſeven revolving planets, and completes it's 
revolution in 365 days, 5 hours, 49 minutes, which 
conſtitutes our year; for it is by this progreſſion 
or annual motion of the earth, that our year is mea- 
ſured, | But beſides this, in the ſpace of 24 hours it 
makes one complete revolution on it's axis, by 
which motion day and night are alternately occa- 
ſioned all over the world. To explain the pheno- 
mena on theſe principles, and to remove objec- 
tions and difficulties, will be the ſubject of this 
Lecture; and, firſt of all, it will. be neceſſary to 
prove to you the globular form of our cartli.” 


Or rug Suark OR FIGURE OF 715 EARTH. 


I have ilready, obſerved, that. the appearance 
| of the heavenly bodies is not the ſame to the inha= 
bitants of various parts of the earth; that the ſun, 
the moon, and the ſtars, riſe and ſet in Greenland 
in a manner very different from what they do in 
the Eaſt Indies, and in both places very different 

from what they do in England: and as it was na- 
I.. E | tural 
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tural to attribute the cauſe of this change in the 
apparent face of the heavens, to the figure of the 
earth, (for appearances muſt ever anſwer to the 
form and ſtructure of the things,) the nature of this 
figure was, therefore, one of the firit objects of in- 
quiry among philoſophers and aſtronomers. 

Some ſages of antiquity concluded, that the 
earth muſt neceſſarily be.of a ſpherical figure, be- 
cauſe that figure was, on many accounts, the moſt 
convenient for the earth, as an habitable world: 
they alſo argued, that this figure was the moſt na- 
tural, becauſe any body expoſed to forces, which 
tend to one common center, as is the caſe with the 
earth, would neceſſarily aſſume a round figure. The 
ane; kowever, of the modern aſtronomers to this. 
truth, was not determined by ſpeculative reaſon- 
ing; but on evidence, derived from facts and ac- 
tual obſervation. From theſe I ſhall ſelect thoſe 
arguments, that I think will have the greateſt 
weight. 

It is known, from the laws of optics and per- 
ſpective, that if any body, in all fituations, and 
under all circumſtances, projects a circular en 
that body muſt be a globe. 

It is alſo known, that eclipſes of the moon are 
cauſed by the ſhadow of the earth. 

And we find, that whether the ſhadow be pro- 
jected towards the caſt or the weſt, the north or 
the ſouth, under every circumſtance it 7s circular ; 
the body, therefore, that caſts the ſhadow, which is 
the earth, mult be of a glebular figure. 

You will obtain another convincing proof of 
the globular ſhape of the earth, by inquiring in 
what manner a perſon ſtanding upon the coaſt of 
the ſea, and waiting for a veſſel which he knows is 
to arrive, ſees that veſſel. - We ſhall find, that he 
firit of all, and at the greateſt diſtance, ſees the top 
or the pal riſing out * the water; and the ap- 

pearance 
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pesrance is, as if the ſhip was ſwallowed up in the 
Water. As he continues to obſerve” the object, 
more and more of the maſt appears; at length he 
begins to ſee the top of the deck, and by degrees 
the whole body of the veſſel. On the other hand, 
if the ſhip be departing from us, we firſt loſe fight 
of the hull, at a greater diftance the main-fails diſ- 
appear, ind at a ſtill greater the top- fail. But if 
the ſurface of the ſea were a plane, the body of the 
ſhip, being the largeſt part of it, would be ſeen 
firſt; and from the greateſt diſtance, and the maſts 
would not be viſible till it came neare. 

| To render this, if poſi ble, {tilt clearer, honing 
conſider two ſhips meeting at fea, the top-maſt of 


each are the parts firſt diſcovered! by both; the hull, 


&e. being concealed by the convexity of the globe 
which riſes between them. The thips may, in 
this inftance, be reſembled to two men, who ap- 
roach each other on the oppoſite ſides of a hill; 
their heads will be firſt ſeen, and gradually, as they 
approach, the body will come entirely in view. 


From hence is derived a rational method of eſti 


mating the diſtance of a ſhip, which is in uſe 
among ſea-faring people, namely, of obſerving, 
HOW LOW THEY CAN BRING HER bow; that is to 


ſay, the man at the maſt-head fixes his eyes on the 


veſſel in fight, and ſlowly deſcends by the ſhrowds, 
- ſhe becomes no longer viſible. The'lefs the 

iſtance, the lower he may deſcend before ſhe dif- 
appears. If obſervations of this kind be made 
with a teleſcope, the effect is ſtill more remarks. 


ble; as the diſtance increaſes or diminiſhes, the 
thip in ſight will appear to become more and 


more immerſed, or to riſe ently out of che 8 
Water. 3 8 

This truth is allo fully evincod bg the oY = 
conſideration ; that ſhips have failed round the 
on, have gone out to the weſtward, and have 
E. 2 N come 
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come home from the eaſtward ; or in other words, 
the ſhips have kept the ſame' courſe, and yet re- 
turned from the oppoſite fide into the harbour 
whence they firſt ſailed. Now we are certain that 
this could not be the caſe, if the earth were a 
plane ; for then a perſon, who ſhould ſet out for 
any one point, and go on ſtrait forward, without 
ſtopping, would be continually going i further from 
the point from which he ſet out. 

_ #ig. 1and2, pl, 2, are illuſtrations of the "Side 
going principles. Fig. 1, ſhews that if the earth 
was a plane, the whole of a ſhip would be ſeen at 
once, however diſtant from the ſpectator, and that, 
whether he be placed at the top or bottom of a 
hill. From fig. 2, it appears, that the rotundity of 
the carth, repreſented by the circle A-BC, conceals 
the lower part of the ſhip d, while the top--maſt is 
ſtill viſible ; and that it is not till the ſhip comes 
to e that the whole of it is viſible. - 

Ihe following remarks evince the ſame truth. 
Obſerve any ſtar near the northern part of the ho- 
rizon, and if you travel to the ſouth, it will ſeem to 

dip farther and farther downw ards, till by proceed- 
ing on, it will deſcend entirely out of ſight. In 
the mean time, the ſtars to the ſouthward of our 
traveller will ſeem to riſe higher and higher. The 

contrary appearances would happen, if he went to 

the northward. This proves that the earth is not a 
plane ſurface, but a curve in the direction ſouth 

and north. By an obſervation nearly ſimilar to 
this, the traveller may prove the curvature of. the 
earth, in an eaſt and weſt direction. 

- The globular figure of the earth may be alſo 
inferred from the operation of levelling, or the art 
of conveying water from one place to another: 
for in this proceſs, it is found neceſſary to make an 
allowance between the true and apparent level-; 


or in other . for the figure of the earth. For 
| the 
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the true level is not a flrart line, but a curve which 
falls below the ſtrait line about eight inches in a 
mile, four times eight in two miles, nine times 

eight in three miles, ſixteen times eight in four 
miles, always increaſing as the ſquare of the diſ- 
tance. | RIES: 

What the earth loſes of it's ſphericity by 
mountains and vallies, is very inconſiderable; the 
higheſt eminence bearing ſo little proportion to 
it's bulk, as to be ſcarcely equivalent to the mi- 
nuteſt protuberance on the ſurface of a lemon. 

It is proper, however, to acquaint you, that 
though we call our earth a globe, and that when 
ſpeaking in general terms, it may be conſidered as 
ſuch; yet. in the ſtrictneſs of truth, it muſt be ob- 
ſerved, that it is not exactly and perfectly a ſphere, 
but is a /pherozd, flattened a little towards the poles, 
and ſwelling at the equator ; the equatorial diameter 
being about thirty-four miles longer than the dia- 
meter from pole to pole. ea : 


Or THz DIiuRNAL MorTron,or THE EARTH. 


Though it is this motion which gives us the 
grateful viciſſitude of day and night, adjuſted to | 
the times of labour and reſt ; yet moſt people find 
ſome difficulty in conceiving that the earth moves; 
the more - ſo, becauſe, in order to allow it, ther 

. muſt give up, in a great meaſure, the evidence of. | 
their exterior ſenſes, of which the impreſſions are 
exceeding ſtrong and lively. It will, therefore, be 
neceſſary to prove to you, that you can by no means ooÞþ | 
infer that the earth is at reſt, becauſe it appears to 
be fo, and to convince you by a variety of fa#s, 
that reaſon was given to correct the fallacies of the 
Pi | EE 
| To this end we wall here point out ſome in- 
C3 ſtances, 


3 
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ſtances, where apparent motion is produced in a 
body at reſt, by the real motion of the ſpectator. 


Let us ſuppoſe a man in a ſhip to be carried along 


= a briſk gale, in a direction parallel to a ſhore, at 
no great diſtance from him; while he keeps his 
eye on the deck, the maſt, the fails, or any thing 


about the ſhip; that is to ſay, while he ſees no- 


thing but ſome part of the veſſel on board of 


' which he is, and conſequently every part of which 


moves with him, he will not perceive that the ſnip 
moves at all. Let him, after this, look to the 


ſhore, and he will ſee the houſes, trees, and hills, 


run from him in. a direction contrary to the mo- 
tion of the veſſel ; and ſuppoſing him to have re- 
ceived no previous information on this ſubject, he 


might naturally conclude, that the apparent motion 


of theſe bodies was real. 

In a ſimilar ſituation to this, we may conceive 
the inhabitants of the earth; who, in early times, 
knowing nothing of the true ſtructure or laws of 
the univerſe, ſaw the ſun, the ſtars, and the planets, 


riſe and ſet, and perform an apparent revolution 


about the earth. They had no idea of the motion 
of the earth, and therefore all this appearance 
ſeemed reality. But as it is highly reaſonable to 
ſuppoſe, that as ſoon as the ſlighteſt hint ſhould be 
given to the man, of the motion of the veſſel, he 
would begin to form a new opinion, and conceive 
it to be more rational, that ſo ſmall a thing as the 
ſhip ſhould move, rather than all that part of the 
earth which was open to his view; fo, in the fame 
manner, no ſooner was an 1dea formed of the vaſt 
extent and greatneſs of the univerſe, with reſpect 
to this earth, than mankind began to conceive it 
would be more rational that the earth ſhould move, 
than the whole fabric of the heavens. 

By another familiar inſtance, it will be cath: to 


ſhew you, that as. the EYE does not perceive it's 
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own motion, it always judges from appearances. 
Go into a common windmill, and deſire the mil- 
ler to turn the mill round, while you are ſittin 
within it with your eyes fixed on the upright poft 
in the center thereof; this poſt, /bough at reſt, will 
appear to you 7s turn round with conſiderable velo- 
city, the real motion of the mill being the cauſe of 
the apparent motion of the ſwivel poſt. 

Sea, faring people are furniſhed with various 
inſtances to illuſtrate this ſubject; thoſe who are 
| buſy in the hold of a ſhip at anchor, cannot by any 
perception determine whether the ſhip has ſwung 
round or not by the turn of the tide. When a 
ſhip firſt gets under way with a light breeze, ſhe 
may be going at a good rate before thofe who are 
between decks can perceive it. Having thus ob- 
viated the objections which ariſe from the teſti- 
mony of the ſenſes, we may now proceed to con- 
fider the arguments which tend more directly to 
prove the motion of the earth. 

All the celeſtial motions will, on this fuppo- 
ſition, be incomparably more ſimple and mode- 
rate. | 

This opinion is much more agreeable to our 
notions of final cauſes, and our knowledge of the 
economy of nature; for if the earth be at reſt, and 
the ſtars, &c. move round it once in 24 hours, their 
velocity muſt be immenſe; and 1t 1s certainly 
more agreeable to reaſon, that one lingle body, 
and that one of the ſmalleſt, ſhould revolve on it's 
own axis in 24 hours, than that the whole univerſe 
ſhould be carried round it, in the ſame time, with 
inconceivable velocity. 

The rotation of the earth round it's axis is 
analogous to what is obſerved in the ſun, and moſt 
of the planets ; it being highly probable, that the 


earth, which is itſelf one of the planets, ſhould 
B+ - have 
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have the ſame motion as they have, for producing 
the ſame effect: and it would be as abſurd in us to 
"contend for the motion of the whole heavens 
round us in 24 hours, rather than allow a diurnal 
motion to our globe, as it would be for the inha- 
bitants of Jupiter to inſiſt that our globe, and the 
whole heavens, muſt revolve round them in ten 
hours, that all it's parts might ſucceſſively enjoy 
the light, rather than grant a diurnal motion to 
their habitation. 

All the phenomena relative to this ſubject a are 
as eaſily ſolved on the ſuppoſition of the' earth's 
diurnal motion, as on the contrary hypotheſis. 
Beſides the foregoing conſiderations, there are 
ſeveral arguments to be deduced from the higher 
parts of aſtronomy, which vemonſirably 122 the 
diurnal motion of the earth. 


Or THE PHENOMENA OCCASIONED BY THE EarTH' 8 
Dlu RN AlL RoTATION. 


As the earth i is of a ſpherical figure, that part 
which at any time comes under the confined view 
of an obſerver, will ſeem to be extended like a 
plane ; and the heavens will appear as a concave 
ſpherical ſuperficies divided by the aforeſaid plane 
in two parts, one of which is concealed from us by 
the opacity of the earth. 

Now the earth, by it's revolution rai it's 
axis, carries the [peator and the aforeſaid plane _ 
From weſt to eat, therefore all thoſe bodies which 
could not be ſeen becauſe they were below the 
plane of the horizon, will become viſible, or riſe 
above it, when, by. the rotation of the earth, the 
| horizon ſinks as it were below them. On the other 


hand, the oppoſite Pre of the plane, towards the 
welt, 


85 ö 


e 


Ox AsTRONOMY. „ 


weſt, riſing above the ſtars on that ſide, vin hide 
them from the ſpectator, and they will ee 
ſet, or go below the horizon. 

As the earth, together with the horizon of» a 
ſpectator, continues moving to the eaſt, and about 
the ſame axis, all ſuch bodies as are ſeparated from 
the earth, and which do not partake of that mo- 
tion, will ſeem to move uniformly in the ſame 
time, but in an oppoſite direction, that is, from 
EAST TO WEST; exceptingche celeſtial poles, which 
will appear to be at reſt. Therefore, when we ſay, 
that the whole concave ſphere of the heavens ap- 

ears to turn round upon the axis of the world, 
whilſt the earth is performing one rotation round 
it's own axis, we muſt be underſtood to except the 
two poles of the world, for theſe do not partake of 
this apparent motion. 

e therefore, on account of the revolution 
of the earth round it's axis, that a ſpectator ima- 

ines the whole ſtarry firmament, ae every point 
of the heaven, (excepting the two celeſtial poles) 
to revolve about the earth from eaſt to weſt every 
twenty-four hours, each point deſcribing a greater 
or leſs circle, as it is more or leſs remote from 
one of the celeſtial poles. 

Although every place on the ſurface of the 
terraqueous globe is illuminated by all the ſtars 
which are above the horizon of that place; yet 
when the un is above the horizon, his light is ſo 
ſtrong, that it quite extinguiſhes the faint light of 
the ſtars, and produces day. When the un goes 
below the horizon, or more properly, when our 
horizon gets above the ſun, the ſtars give their 
light, and we are in that ſtate which is called 
NIGHT, 

Nov as the EY is an n opake ſpherical body, 
| at 
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at a great diſtance from the ſun, ont HALT of it 
will always be illuminated thereby, while the other 
half will remain in darkneſs. VV 
I!)!he circle which diſtinguiſhes the illuminated 
face of the earth from the dark ſide, and is the 
boundary between light and darkneſs, is generally 
called the TERMINATOR, A line drawn from the 
center of the ſun to the center of the earth, is per- 
pendicular to the plane of this circle. 7” 

When any point in the globe firſt gets into 
the enlightened hemiſphere, the ſun is juſt riſen to 
that part ; when it gets half-way, or to it's great- 
eſt diſtance from the terminator, it is then noon ; 
and when it leaves the enlightened hemiſphere, it 
is then suN-sET; but it ſtill enjoys ſome light 
from the ſun, which 1s reflected by the atmo- 
ſphere, till it gets eighteen degrees beyond the 
terminator; this glimmering light is called rwi- 
LIGHT. 
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Or THe CoRRESPONDENCE OF THE CELESTIAL AND 
TERRESTRIAL CIRCLE. dy N . 
As the earth daily revolves on it's axis, every 1 
point on it's ſurface is ſucceſſively prefented to all p 
- the points in the heavens, deſcribing circles whoſe | 
planes are perpendicular to it's axis, and their cen- 7 
ters therein; whence it follows, that thoſe planes e 
are parallel to each other, and may be conſidered h 
as the elements of a ſphere. | p 

| Therefore all the flars muſt ſeem to turn every 
day uniformly about tbe earth's axis, and in parallel c 
circles, as though they were placed in the concavity p 
of a ſphere to which the earth is conce ric. ce 
Ile two points at the extremities of the earth's ar 
axis whereon it turns, are the only points of it's to 


ſurface: 
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ſurface that do not Change their places; every 
other point deſcribes a circle greater as it is far- 
ther diſtant from thoſe fixed points or pol es. 

In the heavens, therefore, there muſt be twa. 
points, P Q, fg: 3, pl. 2, that appear fixed, wherein 
4 ſtar can have no apparent motion; theſe points 
are determined in the heavens, by prolonging the. © 
axis of the earth; theſe are the poles of a great 
circle of the celeſtial ſphere, formed in the heavens 
hy continuing the plane of the terreſtrial equator, 
and all the ſtars will appear to turn round theſe: 
tra peldte vs yu nd nos tr | 155 
Thus the axis pq, of the earth pe q z, fig. 3, 
pl. 2, are the poles of a great circle ETZ of the 
celeſtial ſphere, formed in the heavens by continu- 
ing the plane of the terreſtrial equator e 2 Zz, and all 
the ſtars will appear to turn round the two poles 
P, Q, or rather round the axis PQ. Let P repre- 
ſent the north pole, Q the ſouth pole. 

If through the center of the earth C, and any 
point m on it's ſurface, a right line Cm be ſup- 
poſed prolonged to the heavens, the extremity M 
of that right line will, by the earth's diurnal rota- 
tion, deſcribe the celeſtial parallel LM ML, an- 
ſwering to the terreſtrial parallel lm ml of the 
point m. And if CM be ſuppoſed to be pro- 
longed on the other fide to the heavens in T, then 
J will deſcribe in the heavens a parallel TT VV 
equal to the parallel LMML, anſwering to, and 
having the ſame declination with the terreſtrial 
parallel ttuu. NES | 3 

Hence it follows, 1. That the plane of the 
celeſtial parallel LM ML, and that of the correſ- 
pondent parallel lm ml, are ſimilar elements of a 
cone, whoſe axis is the ſame as that of the earth, 
and whoſe vertex C is at the earth's center. There. 
fore the plane of a celeſtial parallel cannot be the 
on e „ fame 
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ame with it's corre ſponding terreſirial parallel 


only the plane ( EZ Z) of the celeſtial equator is 


| the ſame with the Plane ez2 of "oy terreſirial 
equator. 


2. Whenin the earth” s diurnal rotation a ſtar 
paſſes through the obſerver's zenith, the parallel of 
that ſtar correſponds with the obſerver's terreſtrial 
parallel; that is to ſay, the celeſtial parallel is as 
far diſtant from the celeſtial equator, as the terreſ- 


trial parallel is from the terreſtrial equator: for 


then the line of the obſerver's zenith is a right line 
drawn from the earth's center through the obſerver's 
eye, terminating at the ſtar, and is the line that de- 
ſcribes the ſtar's s parallel i in the heavens. 


If therefore the arc M Z, the diſtance of the 
ſtar M from the celeſtial equator be meaſured; it 


gives alſo the meaſure of the arc m z, the ob- 
ferver's diſtance from the terreſtrial equator. There- 
fore the arc of the obferver*s diſtance from the terre/- 
trial equator, is equal to the declination of the flar 


that pgſjes through his zenith. So that if it be a 


fixed ſtar, and the obſerver changes his place, the 
different declinations of the ſtars that paſs through 
his zenith at the various places he comes to, will 
ſhew how much he approaches to, or recedes from 
the equator. 

It follows, laſtly, hat any place on the terreſ- 
trial ſphere may be repreſented by it's corre, 3 
zenith point in the heavens. For the celeſtial pa- 
rallel- paſſing through that point, repreſents the 
terreſtrial parallel of the place, and the declination 
of the celeſtial parallel meaſuring the diſtance of 


that place from the equator; alſo the great circle 


of the celeſtial ſphere deſcribed from that zenith as 
a pole, denotes the plane of the horizon of that 
place, and the particular phenomena of a place on 


the carth may be explained, by — that place 
| no 
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no etherwiſe than by it” 8 zenith in the hea- 
vens. * | 


Or THE ANNUAL Morton or THE EARTH. 


It i is owing to the induſtry of modern aſtrono- 


mers, that the annual motion of the earth has been 


fully evinced; for though this motion had been 
known to, and adopted by many among the ancient 
philoſophers, yet they were not able ro give their 
opinions that degree of probability, which is 1 in- 


able from modern diſcoveries, much leſs the evi- 


dence ariſing from thoſe demonſtrative proofs, of 
which we are now 1n poſſeſſion. I ſhall, therefore, 
enumerate ſome of the reaſons which induce aſtro- 


nomers to believe that the earth moves round the 
un, and then explain further the nature of this 


motion, which is calculated to afford us the uſeful 


and delightful variety of the ſeaſons, the mutual 
allay of immoderate heat and cold, and the ſucceſ- 


ſive growth and recruit of vegetation. 

On the ſuppoſition of the carth's motion, the 
celeſtial motions become incomparably more ſim- 
ple, and free from thoſe looped contortions which 
muſt be ſuppoſed in the other caſe, and which are 
not only extremely improbable, but incompatible 
with what we know of motion. 

This opinion is alſo more reaſonable, on ac- 
count of the extreme minuzene/s of the earth, when 
compared with the 2 immenſe bulk of the ſun, Jupiter, 


and Saturn; and there are no known laws of motion, 
according to which ſo great a body as the ſun can 


revolve about ſo ſmall a one as the earth. _ 
The ſun is the un of light and heat, 
Which 


* The whole of what is ſaid under this head, may be beau- 


 tifully illuſtrated by the * ſphere, 
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which it darts through the whole ſyſtem; it ought, 
therefore, to be in the center, that it's influence 
may be regularly diffuſcd through the whole hea- 
vens, and communicatcd 1n ſh gradations to the 
whole ſyſtem. 

When we conſider the ſun as the center of the 
ſyſtem, we find all the bodies moving. round it, 
agrecable to the univerſal laws of gravity; but upon 
any other conſideration we are left in the daræ. 

| The motion of the earth round the ſun accords 
with that general harmony, and univerſal law, 
which all the other moving bodies in the ſyſtem 
obſerve, namely, that the ſquares of the periodic 
times are as the cubes of the diflantes ; but if the 
fun moves round the earth, that law is deſtroyed, 
- and the general order of fymmerry | in nature inter- 
rupted. 

I] he annual motion of the earth is inconteſtib! 
proved by obſervation, a motion having been if. 
covered in all the fixed ſtars, which ariſes from a 
combination of the motion of light with the mo- 
tion of the earth in 1t's orbit. 

It will be clearly ſhewn in it's place, that ve⸗ 
nus and Mercury move raund the ſun in orbits that 
are be!wween it and che earth; that the orbit of the 
earth is ſituated between that of Venus and Mars; 
and that the orbits of Mars, Jupiter, &c. are exle- 
rior to, and include the other three. 


* 


Or Tar APrARENT MoTION or THE Sun, AK ISIN G. 
FROM THE EARTH's ANNUAL MoTION ROUND IT. 


As when a perſon ſails along the fea coaſt, the 
: ſhore, the villages, and other remarkable places on 
land, appear to change their ſituation, and to paſs 
by him; ſo it is inthe heavens. To a ſpectator 
upon the earth, as it moves along it's orbit, or ſails 


as it were through ccleſtial ſpace, the ſun, the pla- 
nets, 
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nets,” and the fixed ſtars, appear to change their 


places. 
Apparent change of place i is of two ſorts; the 


one is that of bodies at reſt, the change of whoſe 


place depends ſolely on that of the ſpectator; the 
other is that of bodies in motion, whoſe apparent 

change of place depends as well on their own mo- 
tion, as on that of the ſpectator. i 

J ſhall firſt conſider only that apparent TOY | 
which takes place in thoſe which are ar reſt, and 
which is owing wholly to'the motion of the earth; 
and ſhewthat the ſun, when ſeen from the earth, 
will appear to move in the ſame manner, whether 
it revolves round the earth, or whether the earth 
revolves round the ſun. 

Let us ſuppoſe the earth at reſt, without any 
motion of it's own, and let the ſun be ſuppoſed to 


revolve round it in the orbit AB CD, fig. 1, pl. 4, 


and let EF G H be a circle in the concave ſphere 
of the ſtarry heavens; as the ſun moves in the order 
of the letters A B C D in it's orbit, it will appear 
to a ſpectator on the earth to have deſcribed the 
circle EFG H. When the ſun is at A, it will 2. 
pear as if it was among the fixed ſtars that are at E 

when it is at B, it will appear among the fixed 
ſtars at E; when at G, among thoſe at H; and when 
it is at D, it will appear among the fixed ſtars at 
G. Indeed, the fixed ſtars and the ſun are not ſeen 
at the ſame time; but I have ſhewn, that we may 
tell in what part of the heavens the ſun i is, or what 


Poop ſtars ir is near, by knowing thoſe which are 


oppofite to it, or come to the ſouth at midnight. 
Therefore, if we find that any ſet of ſtars, as thoſe 
at G for inſtance, come to the ſouth at midnight, 
we may be ſure that they are oppoſite to the ſun; 
and confequently, if we could ſee the ſtars in that 
part of the heayen where the ſun i is, we ſhould find 

them. to be thoſe at F. 
Secondly, 
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Secondly, let us ſuppoſe that S is the ſun, that 
it has no motion of it's own, that it reſts within 
the orbit AB CD, in which we ſhall now ſuppoſe 

the earth to move, in the order of the letters AB 
CD. Upon this ſuppoſition, when the earth is at 
A, the ſun will appear in that part of the heavens 
where the ſtars H are; when the earth is at B, the 
ſun will appear in that part of the heavens where 
the ſtars G are; when the earth is at C, the ſun 
will appear in that part of the heavens where the 
ſtars E are; and as the earth revolves round the 
ſun, in the orbit ABC D, the ſun will appear to a 
ſpectator on the earth to deſcribe the circle G Io 

F. 

Thus whether the earth be at reſt, and the ſun 
revolves in the orbit AB CD; or the /un be at reſt, 
and the earth revolves in the ſame orbit, a ſpec- 
tator on the earth will ſee the ſun deſcribe the ſame 
circle EFGH, in the concave ſphere of the hea- 
vens.* 

Hence if the 3 of the earth's orbit be ima- 
gined to be extended to the heavens, it would cut 
the ſtarry firmament in that very circle, in which 
a ſpectator in the ſun would ſee the earth revolve 
every year: while an inhabitant of the earth would 
obſerve the ſun to go through the ſame circle, and 
in the ſame ſpace of time that the ſolar ſpectator 
would ſee the carth deſcribe it. 

The inhabitants of all the other planers will” 
obſerve juſt ſuch motions in the ſun as we do, and 
for the very ſame reaſons; and the ſun will be ſeen 
from every planet to deſcribe the ſame circle, and 
in the ſame ſpace of time, that a ſpectator in the 
fun would obſerve the planet to do. For example, 


an inhabitant of Jupiter would think that the ſun 
_ revolved 


This is pleaſingly illuſtrated by the armillary ſphere, where 
the . phere may be moved independent of the earth, and the 
earth of the ſphere, 


— 
* 
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revolved round him, deſcribing a circle in the hea- 

vens in the ſpace of twelve years: this circle would 
not be the ſame with our ecliptic, nor would the 
ſun appear to paſs through the ſame ſtars which he 
does to us. On the ſame account, . the ſun, ſeen 
from Saturn, will appear to move in another cir- 


cle, diſtin&t from either of the former; and will 


not ſeem to finiſh his period in leſs time than thir- 
ty years. Now as it is impoſſible that the ſun can 
have all theſe motions really in itſelf, we may ſafe- 
ly affirm, that none of them are real, but that they 
are. all apparent, and ariſe from the motions of the 
reſ R planets. | 

One phenomenon arifing from the annual mo- 
tion of the earth, which has already been ſlightly 
touched upon, may now be more fully explained; 
for as from this motion, the ſun appears to move 
from weſt to eaſt in the heavens, if a ſtar riſes or 
ſets along with the ſun at any time, it will in the 
courſe of a few days riſe or ſet before it, becauſe 
the ſun's apparent place in the heavens will be re- 
moved to the eaſtward of that ſtar. Hence thoſe 
ſtars which at one time of the year ſet with the 
ſun, and therefore do not appear at all, ſhall at ano- 
ther time of the year riſe when the ſun ſets, and 
ſhine all the night. And as any one ſtar ſhifts it's 
place with reſpect to the ſun, and in conſequence |, 
of that with reſpect to the hour of the night, ſo do 
all the reſt, Hence it is that all thoſe ſtars, which 
at one time of the year appear on any one fide of 
the pole ſtar in the evening, ſhall in half a year ap- 
pear on the contrary ſide thereof. ; 

From what has been faid it follows in general, 
1. That, in whatever regards the ſun's place, only 
with reſpett to the point in the heavens in which it 
appears, it may be ſuppoſed to move in an infinitely 
great circle, called the ecliptic, Fes center is the 
obſerver's eye. 


Vol. I. | F 2. That 
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2. That the earth's true place in his orbit being 
known, from obſervation or calculation; fix /igns 
added to or ſubtratied from it, gives the ſun's true 


place in the ecliptic. Therefore the theory of the 


ſun's motions ſeen from the earth, is the ſame with 
that of the earth's motions ſeen from the ſun. 

3. To an inhabitant on the earth, the plane of 
the ecliptic is that, whereto the annual motions of the 
planets in their orbits muſt be naturally compared. In 
the ſame manner, as the plane of the equator is that 
vhereto the poſition of the parallels, which the ſtars 

appear to deſcribe in conſequence of the earth's di- 
urnal revolution, muſt alſo be compared. 

In order to combine the ſun's annual motion 


with it's diurnal, you are to obſerve, that if he 


Plane of the ecliptic coincided with that of the equa- 
tor, the ſun would, by it's diurnal revolution, ſeem 
to deſcribe every day the ſame circle, viz. the 
equator; and could therefore have no declination. 


For in deſcribing the ecliptic, by it's annual revo- 


lution, the ſun would then ſucceſſively anſwer to 
all the ſtars in the equator, conſequently, it's diur- 
nal revolution would be made in the fame circle as 
that of the ftars; but I have already obſerved to 
you, that the ſun appears to deſcribe daily different 


parallels; it is evident, therefore, that the plane of 


the ecliptic does not coincide with that of the 
equator, but is inclined thereto. | 

If fo, the ſun muſt, in conſequence of it's an- 
nual motion, deſcribe a great circle NBT LN, fg. 
4, pl. 2, repreſenting the ecliptic, and biſecting 
the equator EBZLE. The ſun muſt therefore 
appear ſometimes towards one pole, ſometimes to- 


wards the other pole. 


1. Let us ſuppoſe that it is in B, one of the 


interiections of the equator and the ccliptic, it's 
| e ee muſt deſcribe the equator, and 
ave no declination; as the ſun gradually advances, 


n 
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n the ecliptic from B towards A, it appears gra- 
Jually to recede from the equator with an in- 
creaſing northern declination, and to deſcribe 
ſmaller and fmaller parallels, till it arrives at A, 
where it appears to deſcribe the parallel AIVA. 

2. The ſun being arrived at L, three figns or 
go degrees from B, and three months after his de- 
parture therefrom, It 1s then in that point of the 
ecliptic the moſt diſtant from the equator at it's 
greateſt northern declination, and deſcribes the 
fmalleſt parallel O T., 

3. In the three following months the ſun go- 
ing from T to L draws nearer the equator, it's 
northern declination diminiſhes, it's parallels aug- 
ment; ſo that when arrived in IL, the other inter- 
ſection of the equator.and the ecliptic, it then has 
no declination, and that day again deſcribes the ce: 
leſtial equator. 

4. The ſun after that paſſing from L to N, en- 
ters the ſouth part of the heavens, it's ſouthern de- 
clination then increaſes, and it's parallels diminiſh, 
till being come to N, three ſigns from the point "i 
it's ſouthern declination i is then the greateſt, and it 
deſcribes it's leaſt parallel N D. 

5. The ſun continuing it's courſe from NtoB 


again draws nearer the equator, and it's ſouthern 


declination diminiſhes; ſo that when returned to B 
a year after it's departure from that point, it is 
again in the equator.and without declination, and- 
then begins a new. courſe attended with the ſame 
pfenomena. 

It is evident, therefare, that the ſun moving 
continually in the ecliptic, the parallels it every day 
deſcribes cannot be circles, but a kind af ſpirals, ſuch 
as the. curves made by a thread wound about a 
ſphere. For after- a diurnal revolution, the ſun 
does not come to the ſame point from whence it 
departed, but according as it approached to, or re- 

| Fg ceded 
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ceded from the equator, is either a little below or 
above that point. 5 | | 
The angle formed by the plane of the equa. 
tor and ecliptic, is called the ob/iquity of the 
ecliptic. „ 
Ihe obliquity of the ecliptic is equal to the 
ſun's greateſt declination, namely, when in the tro- 
Pic, and is about 23 x degrees; conſequently, the 
axis of the earth muſt be jnclined to the ecliptic in 
an angle of 66 f degrees. The conſideration of this 
obliquity brings us to an explanation. 


Or THE SEASONS OF THE YEAR, 


It is our buſinefs under the preſent head to ac+ 
count for the phenomena of the ſeaſons, thoſe grate- 
ful viciſſitudes on which ſo much both of the bu- 

ſineſs and happineſs of man depends. 

© Before f explain the cauſes of thoſe changes 
that are termed the ſeaſons of the year, it will be 
neceſſary to premiſe a few conſiderations : Firſt, 
that on account of the immenſe diſtance of the fun 
from the earth, the rays which proceed from it 


may be conſidered as parallel to each other. Se- 


condly, that only one-half of a globe can be illu- 


minated by parallel rays, and therefore only one- 
half of the earth will be enlightened by the ſun ' 


at one time. Thirdly, that we may call the line 


which divides light from darkneſs, the termi- 


——. - „ 
In the diagram, fig. 1, pl. 5, S repreſents 


the ſun, from which we ſuppoſe parallel rays 


to flow in all directions; A, B, C, repreſent three 


different poſitions of the globe of the earth, the 


bright part being that which is illuminated by the 
mays proceeding from the fun; the dark part, the 


poxtion of the globe which is in obſcurity at theſe 
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in the plane of the termin i tor. the ftermigator WI 
divide the equator into two equal, Pakts, Bur alt ie 


will have a greater part of their gig 

the enlighrened. than in the dark hemiſpheres: While 
fimilar parallels toward the Sther Pele Wilk haves | 
the greater part of their circumferencg inn the dark 
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different ſituations; N the north, S the ſourh pole : 


of the globe, T I the terminator or boundary of | 


light and darkneſs. | 
At C, the poles coincide with the terminator. 
At A, the north pole is altogether in the - 
luminated hemiſphere, and the ſouth pole in the 
dark hemiſphere. 
At B, the ſouthern pole is in the enlightened 
part, and the north pole i in the dark hemiſphere. 
It is evident that it is day in any given place 
on the globe, ſo long as that place continues in 
the enlightened hemiſphere ; but when, by the 
diurnal rotation of the earth on it's axis, it is car- 
ried into the dark hemiſphere, i it becomes night to 
that place. 
The length of the day and the night depend on 
the poſition of the termpator, with e to the 


| axis of the earth. 


If the poles of the earth be fiat. in the 
terminator,, as at C, every parallel wilt be di- 
vided into two equal parts; and as the uniform 
motion of the earth cauſes any given place to de- 
ſeribe equal parts of it's parallel in equal times, 


the day and the night would be equal on every pa- 

rallel of latitude, that is, all over the globe, Ex 

cept at the poles, where the fun would neither riſe 
nor ſet, but continue in the horizon: LS ET: 


But if, as at A and B, the axis be not n 
I 
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circles parallel to it into ufcqual parts';- thole'cir-"" 


cles that are ſituated towards the-er lightened pole 0 
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mentioned paraftels will enjoy longer days than 
nights; 8 the contrary will happen to the latter, 
where the days will be the ſhorteſt, and the nights 
the longeſt; while at the equator, the days and 
nights continue equal. All this is evident from 
the bare inſpection of the figures; it is alſo ob- 
ſervable, that the diſproportion is greateſt in the 
greateſt latitude ; and that thoſe places, whoſe diſ- 
tance from the pole i is leſs than that of the pole 
from the terminator, muſt enjoy either a conſtant 
day, or a conſtant night; becauſe they are never 
carried into the oppolite hemiſphere by the diurnal 
rotation of the earth. In this poſition of the axis, 
the inhabitants on one ſide of the equator may be 
ſaid to enjoy ſummer, and thoſe on the other ſide 
winter, with reſpe& to each other. | 
From what has been faid, it is plain that the 
viciſſitudes in the days and nights are occaſioned. 
by the poſition of the terminator, or boundary of 
| light and darkneſs, with the axis of the earth; or 
in other words, by the different aſpect of the earth 
with eſptel to the n.. . | 
We have now only, to ſhew what "raiſes the 
1, changes of poſition i in the terminator, Which are, 
1, The inclination of. the carth's Axis to the plane 
of the ecliptic, or orbit i in which it moves, 2; That 
\ through the whole of 152 annual courſe, the axis 
of the carth preſerves tes poſition, or continues 
peu rallel 1 1% H that is, if a line be conceived as 
drawn parallel to the axis while the earth is in 
an one point of it's orbit, the axis will in every = 
57, 1 of the carth be 5 7 fo, TRE TOR. * 2 
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1 caſe be Kaner over "wh banker, 00 Ahe two „ 
r, les would be in the terminator, and there would "7 
ts be no diverſity in the days and nights, and but 
d one ſeaſon of the year; but as this is not the 
1 caſe, we may ' fairly -infer, that the axis of the 
"i earth is not e to the Plane of it's 
le orbit. * I 
. But if the earth's axis be Neher to the plane 
le of the ecliptic when the earth is in the ſituation 
i repreſented at A, pl. 5, the pole N will be towards 3 
r the ſun, and the pole S will be turned from it; but 
al Juſt the contrary' will happen, when the earth, ö 
85 going half round the ſun, has arrived at the oppo- / 8 
e ſite point in it's orbit. Hence the ſun will hot 
e be always in the equator, but at one time of the 
year it will appear nearer to one of the poles, and 
je at the oppoſite ſeaſon, it will appear nearer to the 
d other. To this circumſtance the change of ſeaſons 
}f is owing ; for when the ſun leaves the equator and 
'r approaches to one of the poles, it will be ſummer.  _ 
h on that ſide of the equator, and when the ſun de- 
parts from thence and approaches to the other 

e pole, it will be winter. Thus from the inclination 59 
„of the axis, each part of the earth enjoys the bene- 
e fit of ſummer in it's turn; for it is evident, from | 

it what has been ſaid already, that when it is winter | 

s. towards one of the poles, on one ſide the equator; 

s it is ſummer towards the max pole, or on the other | 

8 . fide of the equator... # 

n _: A better notion of. the effect of the inclina- 

© | tion of the earth's axis will be obtained by obſerv- 

4 ing fig. 2, pl. 5, in Which Oo repreſents 

225 ie earth's. orbit, ſeen at a diſtance; the eye ſup- : 


| 8 fed to be elevated a little above the plane of it. 


of Fel 
.be earth is here repreſented i in the firſt point of 
2 
; aach of the twelve Aigns, as marked in the figure, 
_ — ; 
2 
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ſun will then appear in Libra about the 19th of 
March; at which times of the year the edge of 
the enlightened hemiſphere is parallel to the ſol- 
ſtitial colure, fg. 8, and paſſes through the two 
poles of the world, dividing every parallel to the 
equator. into two equal parts; whenee the diurnal. 
parallel of every inhabitant on the ſurface of the 
earth will, at either of theſe ſeaſons, be half in the 
illuminated, and half in the obſcure part of the 
earth; conſequently the day and night will be equal 
in all places. . Ts 
Conceive the earth to have moved from 
Libra to V Capricorn, it's line of direction keep- 
ing it's paralleliſm will now coincide with the ſol- 
ſtitial colure, fg. 8, and the edge of the diſc will 
be perpendicular thereto, and paſs through e the 
le of the ecliptic. In this ſicuation of the earth, 
all places within the northern polar circle are illu- 
minated throughout the whole diurnal revolution, 
at which time their inhabitants ſee the ſun longer 
than 24 hours; but thoſe which lie under the po- 
lar circle touch the edge of the diſc, and theretore 
their inhabitants only ſee the ſun ſkim quite round 
their horizon at it's firſt appearance. Every other 
rallel interſects the edge of the diſc, and as the 
illuminated part of each is much greater than the 
obſcure part, the days are conſequently at this 
| ſeaſon 
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io of the ſummer ſolſtice, which 1 about 
the 21ſt of June, longer than the nights. While 
the earth is moving from Libra through Capri- 
corn to Aries, the north pole P being in the illu- 


2 0 minated hemil; here, will have ſix months conti- 
nual day; but While the earth paſſes from Aries 
through Canter to Libra, the north pole will be in 


the obſcure part, and have continual nights, the 
ſouth pole of the globe at the ſame time enjoying 
continual day. When the earth is at Cancer, the 
ſun appears at Capricorn. At this ſeaſon the 
nights will as much exceed the days, as the days 
exceeded the nights when the earth was in the op- 


poſite point of her orbit; for the nocturnal arches, . 


or obſcure part of their paths, are here equal to 


the illuminated parts when the earth was at Ca- 


pricorn; and the illuminated part is here no more 
than the obſcure part was in that place. 
By conſidering the three globes, A B C, fig. 1, 

pl. 5, you may gain a clear idea of the daily appa- 
rent change in the ſun's declination ;. there is a 
line drawn from the center of the ſun to the cen- 
ter of each globe; it is broader than the other lines. 
This line may be called the central ſolar ray. About 
the 21ſt of December, when the earth is in Cancer, 
this ray will terminate or fall upon the ſouthern tro- 
pic, as at D; or the tropic of Capricorn, as at B; and 
con! quentiy, by the earth's rotation round her 
axis, the inhabitants of every part of this circle will 
ſucceſſively have the ſun in their zenith; or in 
other words, he will be vertical to them that day 
at noon, as the ſun appears that day to be carried 
round in the tropic of Capricorn. 
About the 20th of March, the earth is at 
Libra, and the ſun will then appear in Aries; the 
central ſolar ray terminates upon the ſurface of the 
earth, in the equator, as at C; and therefore the 

5 | | ſun 
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| fun, appears to be carried round in the celeſtial 
equator, and is ſucceſſively vertical to thoſe who 
live under that circle. 

About the 21ſt of June, when the earth is in 
Capricorn, the central ſolar ray [terminates on the 
furface of the earth, in the northern tropic, as at 
A; and for that day the ſun appears to be carried 

round in the tropic of Cancer, and is vertical to 
thoſe who live under that circle. About the 22d 
of September, the earth is in Aries, and the ſun in 
Libra, and the central folar ray again terminates at 
the equator; conſequently the ſun again appears 
in the celeſtial equator, and is vertical. to thoſe. 
who live under it. 

We have ſeen, that as the ful moves in the 
ecliptic, from the vernal equinox to the tropic of 
Cancer, it gets to the north of the equator, or it's 
declination towards our pole increaſes. There- 
fore, from the vernal equinox, when the days and 
nights are equal, till the ſun comes to the tropic 
of Cancer, our days lengthen, and our nights 
ſhorten ; but when the ſun comes'to the tropic of 
Cancer, it is then in it's utmoſt northern limit, and 
returns in the ecliptic to the equator again. Dur- 
ing this return of the ſun, it's declination towards 
our pole decreaſes, and conſequently the days de- 
creaſe, and the nights increaſe, till the ſun is arri- 
ved in the equator again, and is in the autumnal 
equinoctial point, when the days and nights will 
again be equal. As the ſun moves from thence 
towards the tropic of Capricorn, it gets to the 
fouth of the equator ; or it's declination towards 
the ſouth pole increaſes. Therefore, at that time 
of year, our days ſhorten, and our nights lengthen, 
till the ſun arrives at the tropic of Capricorn ; but 
when the ſun is arrived there, it is then at it's ut- 


moſt ſouthern limit, and returns in the ecliptic to 
the 
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the equator again. | During this return, it's diſ- 
tance from our pole leſſens, and conſequently the 
days will lengthen, as the nights will ſhorten, till 
they become equal, when the ſun is come round 
to the vernal equinoctial point. 

Our ſummer is nearly eight days longer than the | 
winter. 

E By ſummer is meant here the time that paſſes 
between the vernal and autumnal equinoxes; by win- 
ter, the time between the autumnal and vernal equi- 

nox. The ecliptic is divided into fix northern, 
and fix ſouthern ſigns, and interſects the equator at 
the firſt of Aries, and the firft of Libra. In our 
ſummer, the ſun's apparent motion is through the 
ſix northern, and our winter through the ſix ſou- 
thern ſigns; yet the ſun is 186 days, 11 hours, 
51 minutes, in paſling through the fix firſt; and 
only 178 days, 17 hours, 58 minutes, in paſſ ing 
through the fix laſt. Their difference, 7 days, 
17 hours, 53 minutes, is the length of time by 
which our ſummer exceeds the winter. © ö 
In fig. 1, pl. 6, ABCD repreſents the earth's 
orbit; S the ſun in one of it's foci; when the earth 
is at B, the ſun appears at H, in the firſt point of 


Aries; and whilſt the earth moves from B through _ 
C to D, the ſun appears to run through the fix nor- 


thern ſigns, from F through S ro == at F. When 


the earth is at D, the ſun, appears at FP, in the firſt 


point of Libra; and as the earth moves from D 


through A to B, the ſun appears to move through n 


the fix ſouthern ſigns, from = through W to Aries ” 
at H. 


\ "Plone the line FH, drawn chen che firſt TY 


point of Aries through the ſun at 9, to the firſt 


point of , divides the ecliptic into two equal 


parts; but the ſame line divides the earth's ellip- 
tical orbit into two e . he greater 
| . 
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part BCD is that which the earth deſcribes in the 


ſummer; while the ſun appears in the northern 
ſigns. The leſſer part is DAB, which the earth 
deſcribes in winter, while the ſun appears in the 
ſouthern ſigns. C the earth's aphelion, where it 
moves ſloweſt, is in the greater part; A it's peri- 
helion, is in the leffer part, where the ſun moves 
faſteſt. „ 


There are, therefore, two reaſons why our 


ſummer is longer than our winter; firſt, be- 


cauſe the ſun continues in the northern ſigns, 
while the earth is deſcribing the greater part of 
it's orbit; and ſecondly, becauſe the ſun's appa- 
rent motion is ſlower while it appears in the nor- 
thern ſigns, than whilſt it appears in the ſouthern 
ones. 85 | 

The ſun's apparent diameter is greater in 
our winter than in ſummer, becauſe the earth is 


nearer to tlie ſun when at A in the winter, than 
it is when at C in the ſummer. The ſun's ap- 


parent diameter, in winter, is 32 minutes, 47 ſe- 
conds; in ſummer, 31 minutes, 40 ſecands. _ 
But if the earth is farther from the ſun in 
ſummer than in winter, it may be aſked, why our 
winters are ſo much colder than our ſummers. 
To this it may be anſwered, that our ſummer is 
hotter than the winter, firſt, on account of the 


greater height to which the ſun riſes above our 


horizon in the ſummer; fecondly, the greater 


length of the days. The ſun is much higher at 


noon in ſummer than in winter, and conſequently, 
as it's rays in ſummer are lefs oblique than in 
winter, more of them will fall upon the ſurface 


of the earth. In the fummer, the days are very 


and the nights very ſhort ; therefore the 


long, 
HIP and air are heated by the ſun in the day- 
time, more than they are cooled in the night; 


© | and 
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ad upon this account, the eit will keep in- ; 
creaſing in the ſummer, and for the ſame rea- 
ſon will decreaſe in winter, when the nights 
| lengthen. 
| 1 ſhould FLAT” the limits of a Lecture, if 
I were to inquire into the ſeveral concurring cau- 
ſes of the temperatures that obtain in various cli- 
mates; it may be ſuthcient, therefore, to obſerve 
what a remarkable proviſion i is made in the world, 
and the ſeveral parts of it, to keep up a perpetual 
change in the degrees of heat and cold. Theſe 
two are antagoniſts, or as Lord Bacon calls them, 
the very hands of nature with which ſbe chiefly 
worketh, the one expanding, the other contrac- 
ting bodies, ſo as to maintain an ofcillatory mo- 
tion in all their parts; and ſo ſerviceable are 
theſe changes in the natural world, that they are 
promoted every year, every hour, every moment. 
From the oblique poſition of the ecliptic, the earth 
_ continually preſents a different face to the ſun, and 
never receives his rays two days together in the 
ſame direction. In the day and night, the differ- 
ences are ſo obvious, that they need not to be men- 
tioned, though they are moſt remarkable in thoſe 
climates, where the ſun at his ſetting makes the 
greareſt angle with the horizon, Every: hour of the 
day, the heat varics with the ſun's altitude, is alter- 
ed by the interpoſition of clouds, and the action of 
winds; and there is little room to doubt, but what 
the various changes that thus take place, CONCUT in 
producing many of the ſmaller and Hake Pheno- | 
mena of nature. 

Be this however as it may, it is certain that 
the various irregularities and intemperature of the 
elements, which ſeem to deſtroy nature in one ſea- 
| ſon, ſerve to revive it in another: the immoderate 
heats of ſummer, and the .cxceſſive cold of winter, 


ye 
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Prepare the beauties of the ſpring, and the rich 
fruits of autumn. Theſe viciffitudes, which ſeem 
to ſuperficial minds the effects of a fortuitous con- 


cCourſe of irregular cauſes, are regulated according 


to weight and meaſure by that SOVEREIGN WISDOM, 
who weighs the earth as a grain of land, the ſea as 


a drop of water. | 
Dur obſervations on the ſeaſons cannot be "A | 


ter concluded than in the words of the excellent 
Hooker. Along and uninterrupted enjoyment of bleſ- 


fings is apt to extinguiſh in us that gratitude to.. 
wards the author of them, which it ought to che- 
riſh and invigorate; the courſe of nature often 
glides on unobſerved when there are no variations 
therein; and the ſun himſelf ſhineth unnoticed, be- 


- cauſe he ſhineth every day, Since the time that 


God did firſt proclaim the edits of his law, ſays 
Hooker, heaven and earth have hearkened unto his 
voice, and their labour has been to do his will. 
But if nature ſhould intermit her courſe, and leave 
altogether, though it were but for a while, the ob- 
ſervation of her laws; if thoſe principles and mother 
elements, whereof all things in this world are made, 
ſhould loſe the qualities they now poſſeſs ; if the 
frame of that heavenly arch erected ever our heads 
ſhould looſen. and diſſolve itſelf; if the celeſtial 
lobes ſhould forget their wonted motions, and by 
arregular volubility turn themſelves any way as it 
might happen ; if the prince of the lights of hea- 


ven, which now as a giant doth run his unwearied 


courſe, ſhould*as it were through a languiſhing 
faintneſs begin to ſtand and to reſt himſelf; if the 


moon ſhould wander from her beaten way, the times 


and ſeaſons of the year blend themſelves together by 
diſorder and confuſed mixture, the winds breathe 
out their laſt gaſp, the clouds yield no rain, the 
carth be defeated of heavenly influence, and 


| 
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her fruits pine away as children at the withered 
breaſts of their mother, no longer able to yield 
them relief; what would become of man himſelf, 
whom all thoſe things do now ſerve? And how 
would he look back on thoſe benefits, for which, 

when they were daily poured upon him, in boundleſs | 


9 he forgot to be chapkful.: : 5 


5 
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LECTURE XXXIX. 


Av Explanation. or rut PHENOMENA OF TRE 
* PLANETS, ACCORDING TO THE COPERNICAN 
SYSTEM. 


* 


have already explained, and recal your attention 
to ſome circumſtances which I have mentioned in 
a former Lecture. Theſe repetitions will nor, I 
hope, be an object of complaint, as they will render 
this Lecture more perfect, and anſwer the benefi- 


J SHALL here define again ſome words which I 


. cial purpoſe of grounding you more firmly in the 


ſcience we are now treating. 


The'line that a planet deſcribes round the ſun. 


is called it's orbit the motion of all the planets 
in their orbits 1s from weſt by the ſouth to the 
eaſt; this is called their annual motion, 

The orbits of the planets are not all in the 
fame plane, but in planes inclined to each other, 


or interſecting each other at different angles. The 


orbit of the earth 1s taken as a ftandard, from 


whence their reſpective inclinations are com- 


puted. 
The planes of the ſeveral orbits of the pla- 


nets produced to the fixed ſtars, mark the ſeveral 
circles which each planet would appear ro deſcribe 
in the ſphere of the heaven to a ſpectator placed in 


the ſun; theſe circles may be called the heliocentric 


erbits of the planets. 
The heliocentric orbit of the earth is tlie 


* 
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pear to go * che ſun in the ecliptic eaſtward 
In twelve months. | 

We may ſuppoſe as many great circles as we 
pleaſe to be deſcribed upon the ſphere. of the hea- 
vens, interſecting one another at the poles of the 
ecliptic, and cutting it at right angles; theſe are 
termed /econdaries of the ecliptic, and circles of la- 
titude. The latitude of a planet or ſtar is it's diſ- 
tance from the ecliptic, meaſured in degrees, &c. 
upon a Circle of ome paſſing through the ſtar. 
or planet. | 

The latitude a planet would appear to have, 
when viewed from the ſun, is it's heliocentric lati= 
tude ; that which it appears to have to an inhabi- 
tant of the earth, is called it's geocentric latitude. 

By the place of a planet is meant the place of 
it's center; it's geocentric place is that where it ap- 
pears to an inhabitant of the earth. 

The two points where the ecliptic is cut by 
the heliocentric orbit of a planet, are the nodes of 
the planet. The gſcending node &, is the point 
where the ecliptic is cut by the planet, before it 
deviates northward therefrom. The de/cending 
node 9, is the point where the planet cuts the 
ecliptic before it deviates ſouthward. 1 

When any planet has paſſed it's aſcending 
node, it deviates more and more. northward till it 
is got ninety degrees from the node, then it is at 
it's utmoſt heliocentric northern latitude, or nor- 
thern limit; from thence it continually approaches 5 
the ecliptic till it comes to gg, after paſſing which 
it deviates more and more fouthward, till it is go 
degrees from this node, when it is at it's ſouthern 
limit, or utmoſt ſouthern heliocentric latitude, 
which from thence continually decreaſes till the 
planet returns again to the aſcending node. A 
planet ſeen from the earth, only appears in the 
ecliptic, when it is in one 90 it's nodes. 
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The equator cuts the ecliptic in two oppoſite 
points: when the ſun appears in one of theſe 
points, it is our verna;/ ; when in the other, it is 
our autumnal equinox. The point of the vernal 
equinox is counted the firſt point of the ecliptic, 
becauſe ſpring begins the mice year ; this 
point is marked F Aries. 

The longitude of a celeſtial object is the num- 
ber of degrees, &c. contained upon the ecliptic, 
reckoning from Y eaſtward, to the point where a 
circle of latitude drawn through the object cuts 
the ecliptic. The longitude and latitude of an ob- 
ze& being given, it's place in the ſphere of the 
heavens is known; and it's place is uſually ex- 
preſſed, by ſaying it is in ſuch a degree and mi- 
nute of ſuch a ſign, and in ſuch latitude. 

Eo planet 1 is ſaid to be in conjunction with the 
ſun, when it's geocentric place is very near the 
geocentric place of the ſun; that is, when the ſun 
is between our earth and the lanet, or when the 
planet is between the earth and the ſun. 

A planet is faid to be in oppoſition, when it's 
geocentric place is oppoſite to the geocentric place 
of the ſun; that is, when the earth is between the 
fun and the planet. | | 

An exact or central conjunction or oppoſition 
can happen only when a planet is in one of it's 
nodes; it is, however, uſual to term it a conjunc- 
tion or oppoſition, when the ſame ſecondary of the 
ecliptic paſſes through the ſun or any planet, AED 
the planet has latitude. 

When the geocentric place of a planet is a 
quarter of a circle diſtant from the geocentric place 
of the fun, the planet is ſaid to be in quadrature. 

A planet is ſaid to be drre#, when it's geocen- 
tric motion is eaſtward ; retrograde, when weſt- 
ward; ſtationary, when it's geocentric place conti- 
nues the ſame for ſome time. 

The 
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The diſtance an inferior planet ſeen from the 
earth appears to be from the ſun, is called it's 
elongation, . | 


Or THe ConJuncTtons AvD EtLonGATIONS OF THE 
InrzrxIOR Prantts, Mercury anD Venus. 


There are two different ſituations, in which 
an inferior planet will appear in conjunction with 
the ſun; one when the planet is between the ſun 
and the earth, the other when the ſun is between 
the earth and the planet. e 

Let A, fig. 2, pl. 6, be the earth in it's orbit, 
E the place of Venus in EH G het orbit, S the 


fun, FVPORTD an arc in the ſtarry heaven. 


In the ſituation of things repreſented in this 
diagram, the ſun and Venus will appear in the ſame 
point of the heavens, and ſo be in conjunction. If 
Venus be at G, there will alſo be a conjunction. 
When the planet is at E, nearer to the earth than 
the fun, it is called it's inferior conjunction; but 
when the planet is at G, farther from the earth 
than the ſun, it is termed the ſuperior conjunction 
of the plane. ane 
When the planet is either at E or G, it has no 
elongation; but as the planet moves from E to y, 
it's elongation increaſes; for when it is at y, it ap- 
pears in the line Ay P, while the ſun appears in 
the line ASQ; ſo that PA will be the angular 
meaſure of it's elongation or diſtance from the ſun. 
When the planet arrives at x, it appears in the 
line Ax V, which is a tangent to it's orbit, and 
then VA is the angular meaſure of it's elonga- 
tion; which is the greateſt that can be on that ſide 
the ſun, for after this the elongation decreaſes. 
When the planer is at K, it's elongation is PA ©; 
when at G, it is nothing, becauſe it is then in it's 


ſuperior conjunction; as the planet moves on from 


G 2 | G, 


/ 
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G, it's elongation again increaſes; for when it 
comes to C, it appears in the line A C R, and it's 
elongation is RA . When the planet comes to 
H, a line drawn from the earth through the planet 
is a tangent to the orbit, and the elongation is TA 
©, the greateſt it can have when it is on the other 
ſide of the ſun ; for after this, the elongation again 
decreaſes. 

Hence it is clear, that the inferior planets can 
never appear far from the ſun, but muſt always ac- 
company it in it's apparent motion through the 
ecliptic. When we ſee either Venus or Mercury, 
it is either in an evening, in the weſt, ſoon after 
the ſun has ſet; or in a morning, a little before 
the ſun riſes, Venus is indeed bright enough ſome- 
times to be ſeen in the day-time, but then ſhe is 
never far from the ſun. The greateſt elongation 
of Venus is about 40, and of Mercury about 33 de- 
grees.:.... 

If the earth be at A. fig. 2, pl. 6, when Venus 
appears in any part of the arc Ex #3 the is we- 
ward from the ſun, and therefore riſes before him 
in the morning, and is called the morning ſtar. 
When ſhe appears any where in the arc G HE, ſhe 
Is eaſtward fromthe ſun, and therefore ſets after him, 
1s ſeen in the evening, and is called the Mm 


ſtar. 
Farstry OF THE PTOLEMAIC SYSTEM. 


From the apparent .motion of the inferior 
planets, we derive an argument to ſhew the falſity _ 
of the Ptolemaic ſyſtem. If the earth was within 
the orbit of Venus, as this ſyſtem ſuppoſes, ſhe might 
be ſometimes on one ſide the earth whilſt the ſun - 
was on the oppoſite ſide; in other words, Venus 
might be ſometimes in oppoſition ; . but Venus is 


never 4 in oppoſition, therefore the earth is not 
within 


1 
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7 


within the orbit of Venus, and ontfequently the 
| Ptolemaic ſyſtem is not true. The fame reaſoning 
| ppl to Mercury. 7 | 


Or THE RETROGRADE, Gora AND Dieu 
Mering OF Mercury AND Yiu 


| It is eaſy, o on the e ſyſtem, to explaint: 
why the inferior planets appear te move ſometimes 
in one direction, ſometimes in a contrary one, and 
at other times to be ſtationary; for it is the natural 
reſult of the reſpective ſituations and motions of the 
earth and theſe planets. But on the Ptolemaĩc 
ſyſtem, it is inexplicable without calling in che aid 

of a very complicated hypotheſis. 

When == inferior planets are paſſing 1 

their greateſt elongation, on one ſide of the ſun, 

through their ſuperior conjunction, to their great- 
eſt elongation on the other ſide, their motion, as 

viewed from the earth, is direct. In order to ex- 

plain this propoſition, we ſhall firſt ſuppoſe the 
earth to be at reſt at A, fp. 2, pl. 6, and correct 
this ſuppoſition afterwards, by ſhewing that the 

apparent motion of Venus, or Mercury, ſeen from 
the carth, is the ſame in this reſpect, whether the 

earth moves in it's orbit, or reſts at A. 

The propoſition to be explained is s this: : that 
as Venus, for inſtance, moves from x, it's greateſt 
elongation on one ſide of the ſun, through G it's 
ſuperior conjunction, to H it's greateſt elongation 
on the other ſide, it will appear to a ſpectator upon 
the earth, to move from weſt to caſt according to 
the order of the ſigns; that is, it's eee mol ion 
will be direct. 
hne planets move would the ſun. from weſt to 
eaſt, and conſequently if there was a, ſpectator at 
the ſun, they would appear to him to move 
through the zodiac, according to the order of the 

G 3 x ftigns; 
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ſigns; or in other words, the heliocentric motion 
of Venus is direct. Now if the fun and the earth 
A, are both on the ſame ſide of the planet, a ſpec- 
tator at the earth is in the ſame ſituation with reſ- 
pect to the planet and it's motion, as if he had been 
at the ſun: for whilſt the planet is moving from x, 
through G to , a ſpectator either at A or S is on 
the concave fide of the planet's orbit; and conſe- 
quently the planet, will appear to move in the fame 
manner from either; but the apparent motion of 
the planet, when ſeen from the fun, is direct, and 
conſequently it's motion, when feen from the earth, 
' will alfo be direct. Es 

When Venus is at x, it appears to a ſpectator 
on the earth at A, to be in the line A * V, or is 
ſeen among the ſtars at V; when Venus has moved 
to K, it is ſeen among the fixed ſtars at P; when 
it has moved to G, it is in it's ſuperior conjunction; 

when it has moved to C, it appears among the fix- 
ed ſtars at R; and when it is come to K, it appears 
among the fixed ſtars at T. Thus whilſt Venus has 
moved in it's orbit from x, it's greateſt elongation 
on one fide of the ſun, through G it's ſuperior con- 
junction, to H it's greateſt elongation on the 
other ſide, it appears to have deſcribed the arc V 
PORT in the concave ſphere of the heavens; but 
the letters x KGCH lie from weſt to eaſt, becauſe 
they lie in the ſame direction that the planet moves 
round the ſun ; and the letters VPOQRT lic in the 
ſame direction with x KG CH. Therefore, as the 
lanet ſeems to a ſpectator on the earth, to deſcribe 
the arc VPOQRT, it's apparent motion, ſeen from 
the earth, is direct, or from weſt to eaſt. 

As the inferior planets move from their great- 
eſt elongation on one fide of the fun, through their 
inferior conjunction, to their greateſt elongation on 
the other fide, their geocentric motion is retro- 
grade. ä 

8 Whilſt 


Whilſt Venus, for inſtance, is moving fro 
it's greateſt elongation H, through it's inferior coh- 
junction E, to it's other greateſt elongation x, it 
appears to a ſpectator upon the earth at A, to move 
backwards, or from eaſt to weſt, contrary to the 
order of the ſigns. _ | ER | 6 
A ſpectator at the ſun is on the concave fide of 
the planet's orbit. But whilſt Venus is ae, 
from it's greateſt elongation H on one ſide, throug 
E it's inferior conjunction, to x it's greateſt elon- 
gation on the other ſide, a ſpectator upon the earth 

is on the convex ſide of it's orbit. 6 
| Therefore, if a ſpectator at the ſun S would ſee 
the planet. move one way, a ſpectator at the earth 
A will ſee it move the contrary way; or the geo- 
centric motion will be contrary to it's heliocentric 
motion, and therefore retrograde; for as ſeen from 
the ſun, it's motion is always direct. | 

That two ſpectators, one at the earth, the other 
at the ſun, as they are on contrary ſides of the arc 
HE x, will ſee the planet apparently move con- 
trary ways, may be rendered more plain by the fol- 
lowing familiar conſideration. If two men ſtand 
with their faces towards each other, and a ball is 
rolled along upon the ground, this ball will move 
from the right hand of one of the men towards his 
left, and from the left hand of the other towards his 
right. In like manner, if one man is at the earth 
A, and the other at the ſun 8, then whilſt the planet 
is deſcribing the arc He x which is between them, 
it will appear to move from the right hand of the 
man at S towards his left, and from the left hand 
of the man at A towards his right. 

Whilſt the motion of Venus is direct, or while 
it is deſcribing the arc x & H, it appears to move 
from V to. T, among the fixed ſtars. But after it 
has been carried in it's orbit from H to Q, it ap- 
pears in the line A z R, and is ſeen among the fixed 

. | Us _ - 
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ſtars at R. When it comes to E, it appears at Q; 
and when at p, it's apparent place in the heavens is 
at P. Thus as the planet paſſes from it's greateſt 
elongation H on one fide of the ſun, through it's 
inferior conjunction E, to it's greateſt elongation x 
on the other ſide, 7 apparently runs back from T toV, 

Venus is fationary, or has no apparent motion 
for ſome time, when it is at it's greateſt elonga- 
tion ; that is, when it is at H or x, and It's appa- 
rent place is either at T or V. 

When either of the inferior planets, Venus for 
inſtance, is at it's greateſt elongation H or x, a 
line drawn from the earth through the planet, as 
A HT, or Ax V, is a tangent to the orbit. Now 
though a right line touches a circle but in one 
point, yet ſome part of the circle greater than a 
Point is ſo near to the tangent, as not to be diſtin- 
guiſhed from it, Thus the arc bd fo nearly coin- 
cides with the tangent A HT, that à ſpectator's 
eye placed at A, could not diſtinguiſh the tangent 
from this part of the curve. "Conſequently, while 
the planet is deſcribing this arc, no other change 
will be made in it's geocentric place, than if it was 
to move in the tangent. | 

But the geocentric place of the planet would 
not be altered, if the planet was to move in the 
tangent. For if it was to move from T towards 
A, or from A to V, the apparent place of it in the 
heavens would in one caſe be at J, in the other caſe 
at V. Therefore, while the planet is at it's greateſt 
elongation, and is deſcribing a ſmall arc in it's 
orbit, that nearly coigcides with the tangent, it's 
geocentric place does not alter, but it appears to 
continue for ſome time in the ſame paſt of the hea 
| yens, or is ſtationary. 

We have hitherto ſuppoſed the earth to be at 
| reſt, and upon that ſuppoſition have explained the 
| progreſ and regreſs the conjunctions and ſtations 


of 
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of the inferior planets. If this ſuppoſition was 
true, VI, or the arc which the planet at any time 
deſcribes in it's progreſs, and T V, the arc which 
it deſcribes in it's regreſs, would always be in the 
ſame part of the heavens. The planet, when in 
conjunction, would always appear at Q among the 
ſame fixed ſtars; and at it's elongation, or when it 
is ſtationary, it would always appear among the 
Tame fixed ſtars T on one fide of the ſun, and at V 
on the other ſi de, 5. 2544 26s 
Hut this ſuppoſition i is not true; for the Sends 
revolves in it's orbit ABO round the ſun. Now 
if the earth is at A, the time of either conjunction, 
the planet at this conjunction would appear among 
the fixed ſtars at Q, and the arcs of the greateſt 
clongation Q V and QT, would be on each ſide of 
thoſe ſtars. But if the earth is at B, at the time of 
either of the conjunctions, then at the time of this 
conjunction, the planet will appear in the line BS 
T, and be ſeen among the fixed ſtars at T, and the 
arcs of the greateſt elongation will be on each ſide 
of theſe ſtars;; that is, the conjunctions and elonga- 
tions will happen i in a different part of the heavens, 
when the earth is at B, from what they happen 
when the earth is at A. In other reſpects, the 
foregoing phenomena wilr be much the ſame, not- 
withſtanding the motion of the earth, only the pla- 
net will be more direct in the fartheſt part of the 
orbit, and leſs retrograde in the neareſt. | 
Ta The direct and retrograde. motion is ſometimes 
ſwifter, ſometimes ſlower. The direct motion is 
ſwifteſt, when the ſun is between us and the planet; 
their retrograde ſwifteſt. when they are between us 
and the ſun. 
When an inferior planet, viewed from a ſupe- 
_ rior, moves apparently retrograde, the ſuperior 
ane Nas alſo a retrograde motion. 
When a ſuperior planet, * from an in- 
| ferior, 
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ferior, appears ſtationary, the inferior planet view- 


ed at the ſame time from the ſuperior is alſo ſta- 


tionary. 


Ornutr APPEARANCES OF THE INFERIOR PLANETS, 


The inferior planets, It is plain from what I 


have ſhewn you, always appear very near the ſun. 


Bur from the motion of the earth, the ſun appears 


in different parts of the heavens in different 
times of the year ; conſequently, as the inferior 


planets are always very near the ſun, they will ap- 


pear in different parts of the heavens at different 
times of the year; and their conjunctions, &c. will 
happen ſometimes in one part of the heavens, ſome. 
times in another part. X 
Venus, feen from the earth, appears to vibrate 


in an arc, half of which is on one fide of the ſun's 


apparent place, half on the other. 

Venus has been ſeen ſometimes moving acroſs 
the ſun's diſk in the form of a round black ſpor, 
with an apparent diameter of about fifry-nine 


ſeconds. 


It has been found by obſervation, that the or- 
bit of Venus is an ellipſe, having the ſun in one 
focus. . 1 | 

The upper apſis of the orbit is called the 
aphelion, the lower apfis is called the peribelion, of 
Venus. The line of the apſides has a flow motion 
eaſtward, at the rate of 2 degrees, 44 minutes, 46 


ſeconds in a century. The nodes of Venus move 


weſtward abour 31 ſeconds in a year. 


Venus moves in her orbit, fo as to defcribe 


round the ſun areas proportional to the times. 


ie walk Wet, O% ac ka as __ 
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That the planets are opake bodies, and ſhine. 
only by the light they receive from: the ſun, is ; | 
plain, becauſe they are not viſible in_ ſuch parts of | 
their orbits as are between the ſun and earth, that 5 
is, when their illuminated ſide is turned from us. | 

The line in the planet's body, which diſtin- 
guiſhes the lucid from the obſcure part, appears 
ſometimes ſtrait, ſometimes crooked. The convex. 
part of the curve is ſometimes towards the ſplendid. 
part, and the concave ſide towards that which is. 
obſcure ; and vice ver/a, according to the ſituation 
of the planet with reſpect to the eye and the ſun. 

The inferior planets going round the ſun in 
leſs orbits than our earth does, will ſometimes have. 7 
more, ſometimes leſs of their illuminated ſide to- TT 
wards us; and as it is the illuminated part only 
which is viſible to us, Mercury and Venus will, 
through a good teleſcope, exhibit. the ſeveral ap- 
pearances of the moon, from a fine thin creſcent 
to the enlightened hemiſphere. obs 

If we view Venus through a teleſcope, when 
ſhe follows the ſun's rays on the eaſtern ſide, and 
appears above the horizon after ſun-ſet, we ſhall 
ſee her appear nearly round, and but ſmall ; ſhe 
is at that time beyond the fun, and preſents to us an 
enlightened hemiſphere. As ſhe departs from the 
ſun towards the eaſt, ſne augments in her apparent 
ſize ; and on viewing her through a teleſcope, is 
ſeen to alter her figure, abating of her apparent 
roundneſs, and appearing ſucceſſively like the 
moon, in the different ſtages of her decreaſe. At 
length, when ſhe is at her greateſt elongation, ſhe 
1s like the moon in her firſt quarter, and appears as. 
ſhe does when from a full ſhe has decreaſed to half 


a moon, 1 
ter 
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After this, as ſhe approaches (in appearance) 
to the ſun, ſhe appears concave in her illuminated 


part, as he moon when ſhe forms a creſcent ; thus. 
ſhe continues till ſhe, is hid entirely in the ſun's 


rays, and preſents to us her whole dark hemiſphere, 


as the moon does in her conjunction, no part of 


the planet being then viſible. 
When ſhe departs out of the ſun's rays on the 


weſtern fide, we ſee her in the morning, juſt before 


day-break. It is in this ſituation that Venus is 


called the morning ſtar, as in the other ſhe is called 


the evening ſtar. She at this time appears very 
beautiful, like a fine thin creſcent : juſt a verge of 
filver light is ſeen on her edge. Fromthis period ſhe 


grows more and more enlightenedevery day, till ſhe 
js arrived at her greateſt digreſſion or elongation, 


when ſhe again appears as a half moon, or as the 
moon in her firſt quarter; from this time, if con- 
tinued to be viewed with a teleſcope, ſhe is found 
to be more and more.enlightened, though ſhe is all 
the while decreaſing in magnitude, and thus con- 


tinues growing ſmaller and rounder, till ſhe is 


_ hid or loſt in the fun's rays. 


Fig. 1, pl. 8, repreſents the orbits of Ve- 
nus and the earth, with the ſun in the center of 


them. The planet Venus is drawn in eight different 
ſituations, with it's illuminated hemiſpheres to- 


wards the ſun. If we ſuppoſe the earth to be at 


T, when Venus is at A, her dark hemiſphere is 
towards the earth, and ſhe is therefore invifible, 
except the conjunction happens in her node, for 
then ſhe appears like a dark ſpot upon the diſc of 
the ſun, When Venus is at B, a little of her en- 
lightened fide is turned towards the earth, and 


therefore ſhe appears ſharp-horned ; when ſhe is at 


C, half her enlightened hemiſphere is turned to- 
wards the earth, and ſhe appears like an half moon; 


at D, more than half her enlightened hemiſphere 1s 
rowards 


* 
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towards us, and ſhe appears like the moon ak 
three days before it is full; at E, the whole en- 
lightened hemiſphere is towards the earth. Venus 
is then either behind the ſun, or ſo very near him, 
that ſhe can hardly be ſeen; but if ſhe could, ſhe 
would appear round like the full moon. At F ſhe 
is like the moon three days after the full; at G 
like a half moon again; at H like a creſcent, with - 
the points of the horns turned the contrary way to 
what they were at B. All this is equally applica- 
ble to Mercury. 

Fig. 2, pl. 8, exhibits the "different appear- 
ances of Venus, correſponding to her ſeveral fitua- 
tions in the foregoing figure; thus when Venus is 
at A, fig. 1, ſhe is quite dark, as at A, fig, 2 ; when 
ſhe is at B, fe. 1, ſhe appears as at B, fig. 2, &c. 

The inferior planets do not ſhine brighteſt 
when they are full; thus Venus does not appear 
brighteſt in her ſuperior conjunction, though her 
illuminated hemiſphere be then turned towards us. 
Her ſplendor is more diminiſhed by her being at 
a greater diſtance from us, than the conſpicuous 
part of her illuminated diſc is increaſed. Dr. 


| Halley has ſhewn, that Venus is brighteſt when her 


elongation from che ſun is about 40 degrees. Mer- 
cury 1s in his greateſt os Es when very near 
his e e elongation. 5 | 


Or Mercury. 


} 


„The planet Mercury reſembles Venus in all 
the circumſtances of her apparent motion, and we 
make ſimilar inferences with reſpect to the real 
motions, His orbit is an ellipſe, having the ſun in 
ane focus. The apſides move eaſtward 1 degree, 
57 minutes, 20 ſeconds in a century; the nodes 

move 


. . 
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move weſtward 4 5 ſeconds in a year; and areas are 
deſcribed eee to the times. | 


Os THE SUPERIOR Plaxgrs. 


The ſuperior planets exhibit phenomena con- 
fiderably different from thoſe exhibited 8 Mer- 
cury and Venus. 

They come to our meridian both at noon and 
midnight; when they come to our meridian at 
noon, and are in the ecliptic, they are never ſeen 
croſſing the ſun's diſc. | 
 » They are always retrograde when in õppoſi- 
tion, and direct when in conjunction. 

I have already obſerved to you, that the 
reateſt elongation of either of the-inferior planets 
is leſs than 90 degrees, or a quarter of a circle; ſo 
that they are never far from the ſun, but conſtantly 
attend it. But the ſuperior planets do not always 
accompany the ſun, as the inferior ones do: they 
are indeed ſometimes in conjunction with it, but 
then they are alſo ſometimes in oppoſition to, or 
180 degrees from it. 

To be more particular, let 8, g. 3» Pl. 6, be 
the ſun; AB CD the orbit of any ſuperior planet, 
Mars, for inſtance; EFG the earth's orbit. If 
the earth be at E, the ſun at S, and the planet at 
D, the ſun and the planet will be both on the ſame 
fide of the earth ; and conſequently the planet will 
appear in conjunction with the ſun. But as the 
orbit of the earth is between the fun and the orbit 
of the ſuperior planet, it is poſſible for the earth to 
be between the ſun and the planet, and conſe- 
quently for the planet and the ſun to be on oppo- 
ſite ſides of the earth, or the planet to be in oppo- 
fition; thus, if when- the earth is at E, Mars be at 


A, he is then in oppoſition to the ſun. 
| A ſupe- 


'E 
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A ſuperior planet is in quadrature with the 
ſun, when it's geocentric place is 90 from the 


geocentric place of the ſun; thus if the earth be at 


E, and Mars at B or C, he is in quadrature with 


the ſun; for the lines A E, E B, form a right angle, 


as do alſo the lines E A, EC. 


Or Th DIRECT, STATIONARY, AND RETROGRADE 
MorT1oN oF THE SUPERIOR PLANETS. 


As the earth goes round the ſun in leſs time, 


and in a leſs orbit than any of the ſuperior planets, . 


it will not be amiſs to ſuppoſe a ſuperior planet to 
ſtand ſtill in ſome part of it's orbit, while the earth 
goes once round the ſun in her's, and conſider the 
appearances the planets would then have, whichare 
theſe: 1. While the earth is in her moſt diſtant ſe- 
micircle, the apparent morion of the planet would 
be direck. 2. While the earth is in her neareſt ſe- 
micircle, the planet would be retrograde. 3. 
While the earth is near the points of contact of a 
line drawn from the. planet, ſo as to be a tangent 
to the earth's orbit, the planet would be fationary. 

I To 1lluſtrate this, let ABCDEFGH, pl. 7, 
fig. 1, be the orbit of the carth, S the fun, POOV 


the orbit of Mars, LMNT an arc of the ecliptic. 


Let us ſuppoſe the planet Mars to continue at P, 


while the earth goes round in her orbit, according 


to the order of the letters ABC, &c. ABC DE 
FG H may be conſidered as ſo many ſtations, from 


whence an inhabitant of the earth would view Mars 


at different times of the year; and if ſtrait lines be 


drawn from each of theſe ſtations, through Mars at 


P, and continued to the ecliptic, they bee rs 
out the apparent place of Mars, at thefe different 
ations. Boy | | 


Thus ſuppofing the earth at A, the planer will 
be ſeen among the ſtars at L; when the earth is ar. 
e | ri ved 
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rived at B, the planet will appear at M; and in the 
ſame manner when at CD and E, it will be ſeen 
among the ſtars at NR T; therefore, while the 
earth moves over the large part of the orbit AB C 
DE, the planet will have an apparent motion from 


Leto T, and this motion is from weſt to eaſt, or 


the ſame way with the earth ; and the planet is faid 


to move direct, or according to rhe order of the 


ſigns. When the earth is near to A and E, the 
point of contact of the tangent to the earth's or- 
bir, the planet will be /ationary for a ſhort ſpace 


of time. 

When the 8 moves from E to H, the pla- 
net ſeems to return from T to N; and while it 
moves from H to A, it will be retrograde to L, 


where it will again be ſtationary: and ſince the 


part of the orbit which the earth deſcribes in paſ- 
ling from A to E, is much greater than the part 
EHP, though the ſpace T L which the planet de- 
ſcribes in direct and retrograde motion 1s the ſame, 
the direct motion from L to T muſt be much flow- 
er than the retrograde motion from T to L. 
When the earth is at C, a line drawn from C 
through S and P to the ecliptic, ſhews that Mars 
is then in conjunction with the ſun. But when 


the earth is at H, a line drawn from H through 


P, and continued to the ecliptic, would terminate 
in a point oppoſite to S; therefore in this ſituation 


Mars would be in oppoſition to the ſun. Thus it 


appears that the motion of Mars 1s direct when in 
conjunction, and retrograde when in oppoſition. 


The retrograde motions of the ſuperior planets 


happen oftener, the ſlower their motions are; as 
the retrograde motions of the inferior planets hap- 

n oftener, the ſwifter their angular motions ; be- 
cauſe the retrograde motions of the ſuperior planets 
depend upon the motions of the earth; but thoſe 


of the inferior on their own 1 angular motion. A 
| ſuperior 


* 
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POOR one is retrograde once in each revolution 
of the earth; an inferior one in every revolution of 


it's OWN. 


Oviziia PurxoMERA or THE SUPERIOR PLANETS. : 


The ſuperior planets : are ſometimes nearer the 
earth than at other times; they alſo appear larger, 
or ſmaller, according to theſe different diſtances 
from us. Thus ſuppoſe the earth to be at C; if 
Mars be at P, he is the whole diameter of the 
earth's orbit nearer to us, than if he were at V, 
and conſequently. his diſc muſt appear larger at V 
than it would be at P. In other places, the 
diſtances of Mars from the earth are interme- 
diate. | | 
The ſuperior planets going round the Em i in 
larger orbits than the earth, turn much the greater 
part of their enlightened hemiſphere towards it, 
and therefore appear round like the full moon, ex- 
cept Mars, who ſometimes appears like the mòuͤdn at 
a little diſtance from the full. | 

They alſo move in an ellipſe, having the ſun in 
the center; the areas deſcribed are proportional to 
the times, | 

They are ſometimes nearer to, ſometimes fur- 
ther from the earth, and their apparent diameter 
is found to vary according to the difference in 


their diſtance. 
Or Tar SECONDARY PLANETS, OR SATELLITES. 


As the moon turns round the earth, enlighe- 
ening our nights, by reflecting the light ſhe re- 
ceives from the ſun, ſo do other ſatellites enlighten 
the planets to which they belong; and as it Keeps 
company with the earth in it's annual revolution 
round the ſun, ſo do they ſeverally accompany the 

Vol. IV. H N pPulwkaners 
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planets to which they belong in their ſeveral 
courſes round that luminary. Jupiter has four 
ſatellites, Saturn ſeven, the Georgium Sidus two. 
The exiſtence of all the ſatellites except the 
moon. would have been unknown to us without 
the uſe of the teleſcope. 
| The ſatellites are diſtinguiſhed according to 
their places, into firſt, ſecond, &c. the rt being 
that which is neareſt the planet. 

I)he fatcllites revolve round their primaries 
in elliptic orbits, the primary planets being in the 
focus. ; 
The orbits of all Jupiter” s ſatellites are nearly 
but not exactly in the ſame plane, which pro 
duced makes an angle with the plane of Jupiter's $ 
orbit of about 3% The ſecond de viates a little 
from the reſt. 

The planes of the orbits of che ſecondary planets 
produced, interſect the heliocentric orbits of their 
primaries in two oppoſite points, which are called 
their nodes. The planes of the orbits of the ſatel- 
lites of Jupiter and Saturn produced, interſect the 
ecliptic in two oppoſite points: theſe points of 
interſection, to diſtinguiſh them from the other, 
may be called the geocentric nodes of the ſatellites. 
The orbits of Jupiter and Saturn are ſo ſmall in 
compariſon of the ſphere of the fixed ſtars, that the 
places of their ſatellites nodes are not ſenſibly 
altered by their primaries being in different parts 
of their orbits. 

ä The orbits of all Saturn 8 ſatellites, except the 
zth, which deviates from the reſt ſeveral degrees, 
are nearly in the ſame plane. They are nearly 
parallel ro the plane of the equator. The orbit of 
Saturn's 5th ſatellite makes an angle with the or- 

bit of his primary of 13? 8. 

7 A fatellite in one of it's nodes, ſeen from it's 
primary, appears. in the orbit of it's primary : yy 
1 28 VVV f | al 
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all other parts of it's orbit, it has latitude ſeen from 
it's primary. 7 

Every circle, whoſe plane produced paſſes 
through the eye, appears a ſtrait line: every circle 
viewed obliquely will appear an ellipſis, more or 
leſs. wide, according as the eye is more or leſs. 
elevated above the plane of the circle. The orbit 
of a ſatellite ſeen from the earth, when it's prima- 
and the earth in it's geocentric node, appears a 
ſtrait line: when the primary is in any other part 
of his orbit, the ſatellite's orbit will appear an el- 
lipſis, whofe ſhorteſt axis increaſes, the further 
the primary is from the node of the ſatellite. 

The earth's orbit is ſo ſmall in compariſon of 
the orbits of Jupiter and Saturn, that whatever 
part of her orbit the earth is in, when theſe 
planets are in their ſatellites true nodes, their 
ſatellites will appear to deſcribe lines very near to 
ſtrait ones. „ e 

When a ſatellite is in it's ſuperior ſemicircle, 
i. e. that which is furtheſt from the earth, it's geo- 
centric motion is direct: when in it's inferior ſemi- 
circle, i. e. that neareſt our earth, it's geocentrie 
motion is retrograde. Both theſe motions ſeem 
quickeſt, when the ſatellite is neareſt the center 
of the primary, and flower when they are more 
diſtant; at the greateſt diſtance they appear ſta- 
tionary for a ſhort time. ED l 

Since the diſtance of Jupiter and Saturn from 
our earth is very great, and our eye is never ele- 
vated much above the planes of their orbits, every 
ſatellite of Jupiter or Saturn ſeen from our earth, 
will appear always near it's primary, and to have 
an oſcillatory motion, ſometimes in a ſtrait line, 
ſometimes in an elliptic curve, going from it's pri- 
mary, and returning to it again, firſt on one fide, 
and then on the other. The ſatellites of Jupiter 
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or Saturn will ſometimes be hid from us by their 
primary, ſometimes paſs between us and their pri- 
mary, ſometimes a ſatellite will paſs between us 
and another ſatellite. 

Tbe ſatellites and their primaries mutually 
eclipſe each other, but there are three caſes in 
which the ſatellites diſappear to us. 

The one is, when the ſatellite is directly be- 
hind the body of it's primary, with reſpect to the 
earth; this 1s called an occultation of the planet, 


Another is, when it is directly behind it's 
rimary, with reſpect to the ſun, and ſo falls into 


it's ſhadow; and ſuffers an eclipſe, as the moon, 
when the earth is interpoſed between that and 
the ſun. 

The laſt is, when it is interpoſed between the 
earth and it's primary; for then it cannot be diſ- 
tinguiſhed from the primary itſelf, 

It is not often that a ſatellite can be diſcover- 
ed upon the diſc of Jupiter, even by the beſt tele- 
ſcopes, excepting at it's firſt entrance, when by 
reaſon of it's being more directly illuminated by 
the rays of the ſun, than the planet itſelf, it ap- 
pears like a lucid ſpot upon it; ſometimes how- 
ever a ſatellite is ſeen paſſing over the diſc like a 
dark ſpot; this. has been attributed to ſpots on the 
ſurface of the ſatellite, and that the more probably 
as the fatellite has been known to paſs over the 
diſc at one time as a dark ſpot, and at another 
time to be ſo luminous as only to be diſtinguiſhed 
from the planet at it's ingreſs and egreſs, The 
beginnings and endings of theſe eclipſes are eaſily 
ſeen by a teleſcope, when the planet is in a proper 
fituation ; but when it is in conjunction with the 
ſun, the brightneſs of that luminary renders both 
the planet and the ſatellite inviſible, 

By obſerving the eclipſes of Jupiter's fatel- 
tes, it was n that light is not . 

gate 
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gated inſtantaneouſly, though it moves with an 


incredible velocity; ſo that light reaches from the 
ſun to us in the ſpace of eleven minutes of time, 
at more than the rate of 109,000 miles in a ſecond. 

I) he orbits of all the ſatellites of Saturn, ex- 
cept the fifth, are nearly in the ſame plane, which 
plane makes ah angle with that of Saturn's orbit, 
of about 319; this inclination is ſo great, that 
they cannot paſs either acroſs Saturn or behind it, 
with reſpect to the earth, except when they are 
very near their nodes, ſo that their eclipſes are 
not near ſo frequent as thoſe of Jupiter. - An oc- 


cultat ion of the fourth behind the body of Saturn 

has been obſerved, and Caſſini once ſaw a ſtar co- 
vered by the fourth ſatellite, fo that for 13 minutes 
they ds as one. | 


- 


hey are fo minute as not to be viſible unleſs 
the air is exceeding clear; Caſſini obſerved the 
fifth fatellite to diminiſh in fize; as it went 
through the eaſtern part of it's orbit, until it 
became quite inviſible, while in the weftern part 
it increaſed in brightneſs, until it arrived at it's 
greateſt ſplendor. In 17a; it was viſible in all 
parts of it's orbit, though the ſame teleſcopes. 
were often uſed before to diſcover it without ſuc- 


The Georgium Sidus is attended by two ſatel- 


htes. 


The following table ſhews their general af-" 
fections. | RR gn | 
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De rue Moon's Moriov. 


5 You have ſeen that four of the primary planets 
are attended in their revolutions by ſecondary 


planets; we are in like manner attended by the 


moon, ſhe enlightens our nights; by reflecting the 
light ſthe receives from the ſur, as the other ſatel- 
lites enlighten the planets to which they ſeverally 
bien,, %ðò 16579 302-127 Dt OS 4 EY 
If you imagine the plane of the moon's orbit 
to be extended to the ſphere of the heaven, it 
would mark therein a great circle, which may be 
called the moon's apparent orbit; becauſe the 
moon appears to the inhabitants of the earth to 


move in that circle, through the twelve ſigns of 


the zodiac, in a periodical month. This poſition 
is illuſtrated by fig. 3, pl. 9; let E FGHI 
be the orbit of the earth; S the ſun, a b c d the 
orbit of the moon, when the''earth is at E: let 
A'BCD be a great circle: jn the ſphere of the 
heaven, in the ſame plane with the moon's orbit. 
The moon, by going round her orbit according to 
the order of letters, appears to an inhabitant 


of the earth to go round in the great circle A 


B C D, according to the order of thoſe letters: 
for when the moon is at a, ſeen from the earth 
at E, ſhe appears at A; when the moon is got 
to b, ſhe appears at B; when to c, ſhe will 
8 at C; when arrived at d, ſhe will appear at 

. Ir is true, when the moon is at b, the viſual 
line drawn from E, through the moon, terminates 
in L; as it does in M, when the moon is at d; but 
the lines L M and D B being parallel, and not 
farther diſtant from each other than the diſtance 


of the earth's orbit, are as to ſenſe coincident, 
their diſtance meaſured in the ſphere of the heaven 


being inſenſible; for the fame reaſon, though the 
earth moves from E to F, in the time that the 
| | H 4 * moon 


— 
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moon goes round her orbit, ſo that at the end of 
a periodical month the moon will be at a, and is 
feen from the earth at F, in the line FN; the moon 
will, notwithſtanding, appear at A, the lines F N 
and E A being parallel, and as to ſenſe coincident: 
in like manner, in whatever part of her orbit the 
earth is, as at H or I, the moon, by going round 
in her orbit, will appear to an inhabitant of he 
earth to go round in the great circle ABCD. 
I) he plane of the moon's orbit produced till 
it cuts the plane of the ecliptic, makes an angle 
with it of about 5: this angle is ſometimes more, 
ſometimes leſs then 5. The points where the 
moon's orbit produced cuts the ecliptic, are called 
the-moon's nodes; and her aſcending & the dra- 
gon's head, her deſcending node 25 the dragon's 
tail. The moon's. nodes have a flow motion of 199 
22'1na year, which carries them round the ecliptic, 
contrary to the order of the ſigns, in 19 years. 

The line of the moon's node is a line drawn 

uon one node to the other. 
Ihe extremities of the line of the 3 are 
not always directed towards the ſame points of 
the ecliptic, but continually ſhift their places 
from eaſt to weſt, or contrary to the order of the 
figns; performing an entire revolution about the 
earth, in the ſpace of ſomething: leſs. than nine- 
teen years, 

The moon appears in the ecliptic only when 
me is in one of her nodes: in all other parts of her 
orbit ſhe is either in north or ſouth latitude, ſome- 
times nearer to, ſometimes further removed from 
the ecliptic, according as ſhe happens to be more 
or leſs diſtant from the nodes. 

When the place, in which the moon appears 
to an inhabitant of the earth, is the ſame with the 
ſun's place, "ſhe is laid to be in conjunction. When 


The moon's place is oppoſite to the ſun's place, ſhe 
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is faid to be in oppoſition. When ſhe is a quarter 
of a circle diſtant from the ſun, ſhe is ſaid to be 
in guadralure. Both the conjunction and oppoſi- 
tion of the moon are termed r⁊igies. 
The common lunar month, or the time that 
_ paſſes between any new moon. and the next that 
follows it, is called a /ynodical month, or à lunation. 
This month contains 29 days, 12 hours, 44 mi- 
nutes, 3 ſeconds. 05 


The moon's motion in hes orbit is conſidered | 


abſolutely, or with relation to the ſun. The moon's 
motion in her orbit, which is alſo her motion in lon- 
gitude, is ſometimes ſwifter, ſometimes flower; her 
mean motion is 13 degrees, 10 minutes, 35 ſeconds, 
ina day, which carries her round the zodiac. in 27 
days, 7 hours, 43 minutes. - The time whercin the 
moon is carried round the zodiac is called a pereoa 
dical month; or a periodic month is the time in 
which the moon performs one entire revolution 
about the earth, from any point in the zodiac to 
the ſame again; and contains 27 days, by: hours, 
43 minutes. 


The moon's motion conſidered with relation 


to the ſun is called her elongation from the ſun. 
The moon's motion from the ſun is the exceſs of the 
velocity of the moon's motion, above the velocity'of 
the ſun's apparent motion; in the ecliptic, this ex- 
ceſs is ſometimes more, ſometimes leſs. The moon's 
mean motion from the ſun is 12 degrees, 11 minutes, 
26 ſeconds, in a day, which carries the moon from 
one conjunction with-the ſun to another in 29 days, 
12 hours, 44 minutes, 3 ſeconds. The time be- 
tween any conjunction and the conjunction immedi- 
ately following, as before obſerved, is called a 
H nodical month, or a lunation, wherein the moon. 
appears in all her phaſes. . 
It the earth had no revolution relied the ſun; 
or the * no apparent motion in the ecliptic, 
the 
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the periodical and ſynodical month would be the 
ſame; but as this is not the caſe, the moon takes 
up a longer time to paſs from one conjunction 
to the next, than to deſcribe it's whole orbit; or 
the time between one new moon and the next, is 
longer than the moon's periodical time. 

Ihe moon going round our earth in an dit 
whoſe ſemidiameter is leſs than the neareſt diſtance 
of any planet, may come between our eye and any 
planet or ſtar that is near the ecliptic. The time 
when the moon appears to touch a planet or ſtar, 
is called 7/*s appulſe, which being inſtantaneous, 
ſerves to determine the longitude of different places 
where it is obſerved. | 


The moon revolves round the earth daun weſt | 


to eaſt, and the ſun apparently revolves round the 
earth the ſame way. Now at the new moon, or 
when the fun and moon are in conjunction, they 
both ſet out from the ſame place, to move the 
fame way round the earth; but the moon moves 
much faſter than the ſun, and conſequently will 
overtake it; and when the moon does overtake 
it, it will be a new moon again. If the ſun had 
no apparent motion in the ecliptic, the moon 


would come up to it, or be in conjunction again, 


after it had gone once round in it's orbit; but 
as the ſun moves ſorward in the ecliptic, whilſt 


the moon is going round, the moon muſt move a 


little more than once round; before it comes even 
with the ſun, or before it comes to conjunction. 


Hence it is that the time between one conjunction, 


and the next in ſucceſſion, is ſomething more than 


the time the moon takes up to go once round it's 


orbit; or a ſynodical month is longer than a perio- 


dical one. 
In fig. 3, pl. 8, le S be the ſun, C F a part 
of the earth's orbit, NI D a diameter of the moon's 


orbit when the earth- is at A, and m d another 
diameter 


ar, 
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diameter parallel to the former, when the earth is 
at B. Whilſt the earth is at A, if the moon be at 
D, ſhe will be in conjunction; and if the earth 
was to continue at A, when the moon had gone 
once round it's orbit, from D through M, ſo as to 
return to D again, it would again be in conjunc- 
tion. Therefore, upon the ſuppoſition that the 
earth has no motion in it's orbit, the periodical 
and ſynodical months would be equal to one another. 


But as the earth does not continue at A, it will 


move forwards in it's orbit, during the revolution 
of the moon. from A to B: and as che moon's orbit. 
moves with it, the diameter MD will then be in 
the poſition md; therefore, when the moon has. 
deſcribed it's orbit, it will be at d in this diameter 
md; but if the moon is at d, and the ſun at 8, the 
moon will not be in conjunction, conſequently the 
periodical month is completed before the ſynodical, 
The moon, in order to come to conjunction, when 
the earth is at B, muſt be at e, in the diameter ef; 
or beſides going once round in ivy ori, It muſt 
alſo deſcribe the arc de. The ſynodical month is, 
therefore, longer than the periodical, by the time 
the moon takes up to deſcribe the arc de. . 
This may be alſo explained in another man- 
ner, by conſidering the motion of the ſun; a view 


of the ſubject, that may render it more eaſy ta 


ſome young minds than the foregoing. Thus let 
us ſuppoſe the earth at reſt at E, Ag. 4, pl. 8, M the 
moon in conjunction with the 5 at 8, while the 
moon Aeſirifies her orbit A BC about the earth at. 


E, let the ſun advance by his apparent annual mo- 


tion from S to D. It is plain that the moon will 
not come in conjunction with the ſun again, till, 
beſides deſcribing her orbit, ſhe hath deſcribed, 
over and above, the arch M F, correſponding to the. 
arck'S DBD. 5 
s the moon goes round the. earth i in a much 
en | ſmaller 
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ſmaller orbit than that in which the earth revolves 
round the ſun, fometimes more, ſometimes leſs, 
| and fometimes no part of her enlightened half will 
be towards us; hence ſhe is inceſſantly varying 
l her appearance; ſometimes the looks full upon us, 
i and her viſage is all luſtre, ſometimes ſhe ſhews 
| only half her enlightened face, ſoon ſhe appears as 
z radiant creſcent, in a little time all her brightnefs 
N vaniſhes, and ſhe becomes a beamleſs orb. 
The full moon, or oppoſition, is that ſtate in 
l which her whole diſc is enlightened, ang we fee it 
| all bright, and of-a circular figure. The new moon 
is whenthe is in conjunction with the ſun; in this 
ſtate, the whole furface turned towards us is dark, 
x and the is therefore inviſtble to us. | 
| E The firft quarter of the moon ſhe appears in 
1 the form of a femicircle, whofe ener 1arks is 
turned towards the weft. At the laſt quarter, ſhe 
appears again under the form of a ſemicircle, 
but with the circumference turned towards the 
| The moon 1s generally inviſible a day or two 
A before and after conjunction, and the obſcure 
r light viſible in the moon a little before and after 
5 conjunction is reflected upon her from the earth. 
Tpheſe phaſes may be illuſtrated in a very plea- 
ſing- manner, by expoſing an ivory ball to the ſun, 
in a vartety of poſitions, by which it may preſent 
x greater or ſmaller part of it's illuminated furface 
[} to the obferver. If it be held nearly in oppoſition 
ſo that the eye of the obferver may be almoſt 
immediately between it and the ſun, the greateſt 
bart of the enlightened fide will be ſeen ; hut if it 
1 moved in a circular orbit, towards the ſun, the 
-viftble enlightened part will gradually decreaſe, 
| ; and at laſt diſappear, when the ball is held directly 
| | towards the ſun. Or to apply the experiment more 
[| immediately to our purpoſe ; if the ball, at any 
1 F time 
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time when the ſun and moon are both viſible, be 
held directly between the eye of the obſerver and 


the moon, that part of the ball on which the ſun 


ſhines, will appear exactly of the ſame figure as the 
moon itſelf. 

The phaſes of the moon, like thoſe of Venus 
may alſo be illuſtrated by a diagram; thus in fe. 
pl. q, let S be the ſun, T the earth, ABCDEF 
GH the orbit of the moon. The firſt obſervation 
to be deduced from this figure, is, that the half of 


the earth and moon which is towards the ſun, is 


wholly enlightened by it; and the other half, which bo] 


is turned from it, 1s totally dark. When the moon 
is in conjunction with the ſun at A, her enlightened 
hemiſphere is turned towards the ſun, and the dark 
one towards the earth; in which caſe, we cannot 
ſee her, and it is faid to be new moon. When 
the moon has moved from A to B, a ſmall por- 
tion a b of her enlightened hemiſphere will be 
turned towards the earth ; which portion will ap- 


pear of the form repreſented at B, fig. 2, pl. 9, (a 


figure which exhibits the phaſes as they appear 


to us). 
As the moon proceeds in her orbit, according 


7 


to the order of the letters, more and more of her 


enlightened part is turned towards the carth. When 


ſhe arrives at C, in which poſition ſhe is ſaid to be in 


quadrature, one half of that part towards the earth is 


enlightened, appearing as at C among the phaſes ; 
this appearance is called a half moon. When the. 


comes to D, the greateſt part of that half which is 
towards us is enlightened ; the moon is then ſaid 
to be gibbous, and of that figure which is ſeen at 


D, in fig. 2. 


When the moon comes to F, ſhe is . | 


tion to the ſun, and conſequently turns all her 11> 
luminated ſurface towards the earth, and ſhines 


with a "aol face, or which reaſon ſhe is called a 


full 
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full moon. As ſhe paſſes through the other half of 
her orbit, from Eby F G, and H to A again, ſhe 
puts on the ſame phaſes as before, but in a contrary 
order or poſition. ze 851 | 
As the moon, by reflected light from the ſun, 
illuminates the earth, ſo the earth does more than 
repay her kindneſs, in enlightening the ſurface of 
the moon, by the ſun's reflex light, which ſhe dif- 
fuſes more abundantly upon the moon, than the 
moon does upon us; for the ſurface of the earth 
is conſiderably greater than that of the moon, 
and conſequently if both bodies reflect light in 
proportion to their ſize, the earth will reflect 
much more light upon the moon than 1t receives 
from it. ag? er 
In the new moon, the illuminated fide of the 
earth is fully turned towards the moon, and the 
Lunarians will have a full earth, as we, in a ſimilar 
poſition, have a full moon. And from thence 
ariſes that dim light which is obſerved in the old 
und new moons, whereby, beſides the bright and 
ſhining horns, we can perceive the reſt of her body 
behind them, though but dark and obſcure. Now 
when the moon comes to be in oppoſition to the 
ſun, the earth, ſeen from the moon, will appear in 
Conjundtion with him, and it's dark fide will be 
turned towards the moon, in which poſition the 
earth will be inviſible to the Lunarians; after this, 
the earth will appear to them as a creſcent. In a 
word, the earth exhibits the ſame appearance to 
the inhabitants of the moon, that the moon does 
to us. x | 
I. he moon turns about it's own axis in the 
fame time that it moves round the earth ; it is on 
this account that ſhe always preſents ncarly the 
fame face tous: for by this motion round her axis, 
me turns juſt ſo much of her ſurſace conſtantly to- 
| + Ta us, as by her motion about the earth would 


_ be 


ON AsTRONOMY. 111 


be turned from us. This motion about her axis is 
equable and uniform, but that about the earth is 
unequal and irregular, as being performed in an 
ellipſis; conſequently the ſame preciſe part of the 
moon's ſurface can never be ſhewn conſtantly to 
the earth; which is confirmed by a teleſcope, by 
which we often obſerve a little . ſegment on the 
eaſtern and weſtern limb, appear and diſappear by 
turns, as if her body librated to and fro; this phe- 
nomenon is called the moon's libratiog, The 
lunar motions are ſubje to ſeveral other irregula- 
rities, which are fully diſcuſſed 1 in 9 larger 9 

on aſtronomy. 5 ä 
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Tauber phenomena that are termed eclipfes, 
were jn former ages beheld with terror and 
amazement, and 3 upon as prodigies that 
rtended calamity and miſery to We Theſe 
fears, and the erroneous opinions which produced 
them, had their ſource in the hieroglyphical lan- 
guage of the firſt inhabitants of the earth. We do 
not, however, imagine that even the moſt ancient 
of theſe knew any more of the laws and motions 
of tlie heavenly bodies, than what could be diſ- 
eovered from immediate fight ; or that they knew 
enough of the lunar ſyſtem to calculate an eclipſe, 
or even that they ever attempted it. 
The word eclipſe is derived from the. Greek, 
and ſigni fies dereliction, a fainting away, or ſwoon- 


ing. Now as the moon falls into the ſhadow of | 


the earth, and 1s deprived of the ſun's enlivening 
rays, at the time of her greateſt _ brightneſs, and 


even appears pale and languid before her obſcura- 


tion, lunar eclipſes were called ſunèæ /abores, the 
ſtruggles or labours of the moon; to relieve her 
from theſe imagined diſtreſſes, ſuperſtition adopted 
methods as impotent as they were abſurd. 

When the moon, by paſſing between us and 


the ſun, deprived the earth of it's light and heat, 


the ſun was thought to turn away his face, as if 
in abhorrence of the crimes of mankind, and to 
khreaten everlaſting night and deſtruction to the 
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w orld. But thanks to the advancement of ſcience, 

which, while it has delivered us from the fooliſh 
Fm and. idle apprehenſions of the ancients, leaves 
us in poſſeſſion of their repreſentative knowledge, 
enables us to explain the appearances on, which it 
was founded, and points out the ons and 
abuſe of it. 

Any opake body t that is expoſed to the light of 
the ſun, itt caſt a ſhadow behind it. This ſhadow 
is a ſpace deprived of light, into which if another 
body comes, it cannot be ſeen for want of light; 
the body thus falling within the ſhadow, is faid to 
be eclipſed. _ 

Ißde earth and moon being opake bodies, and | 
deriving their light from the ſun, do each of them 
caſt 4 Raon behind, or towards the hemiſphere 
oppoſed to the ſun. Now when either the moon 
or the earth paſſes through the other ſhadow, it is 
thereby deprived of illumination from the ſun, and 
becomes. inviſible to a ſpectator, on the body from 
whence the ſhadow comes; and ſuch ſpectator will 
obſerve an eclipſe of the body which is paſſing 
through the ſhadow; while a ſpectator on the 
body which paſſes through the ſhadow, will ob- 
ſerve an eclipſe of the ſun, being deprived of his 
Ight. | 

; Hence there muſt be three bodies concerned 
in an eclipſe ; 1. the luminous body ; 2. the opake 
body, that caſts the ſhadow ; and 3. the : bony in- 
volved in theſhadow. ; 
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3 the earth is an opake body, enlightened by 
the ſun, it will caſt a ſhadow towards thoſe parts 
that are oppoſite to the ſun, and the axis of this 
ſhadow will always be,in the plane of the ecliptic, 
becauſe both the ſun and the earth are always there. 

Vol. IV. 5 1 The 


114 Lectures on NATURAL ParLosoPHY. 


The .ſun and the earth are both ſpherical bo- 
dies; if they were, therefore, of an equal fize, the 
ſhadow of the earth would be cylindrical, as in fig. 
5, pl. 8, and would continue of the ſame breadth at 


all diſtances from the earth, and would conſe- 


quently extend to an infinite diſtance; ſo that Mars, 
Jupiter, or Saturn, might be eclipſed by it ; but 
as theſe planets are never eclipſed by the earth, 
this is not the ſhape of the ſhadow, and conſequent- 
ly the earth is not equal in ſize to the ſun. 

If the ſun were leſs than the earth, the ſhadow 
would be wider, the farther it was from the earth, 
ſee fig. 6, pl. 8, and would therefore reach to the 
orbits of jupiter and Saturn, and eclipſe any of 
theſe planets when the earth came between the 
ſun and them; but the earth never eclipſes them, 
therefore this is not the ſhape of it's ſhadow, 
and conſequently the ſun is not leſs than the earth. 

As we have proved that the earth is neither 
larger nor equal to the ſun, we may fairly conclude 
that it is Jeſs; and that the thadow of the earth is 
a cone, which ends ina point at ſome diſtance from 
the earth, ſee fg. 7, pl. 8. : 

The axis of the earth's ſhadow falls always 
upon that point of the ecliptic that is oppoſite to 
the ſun's geocentric place; thus if the ſun be i in the 
firſt point of Aries, the axis of the carth's ſha- 
dow will terminate in the firſt point of Libra. It 
is clear, therefore, that there can be no eclipſe of 
the moon but when the earth is interpoſed between 
it and the ſun, that is, at the time it's oppoſition, 
or when it is full; for unleſs it is oppoſite to the 
ſun, it can never be in the earth's ſhadow : and if 
the moon did always move in the plane of the 
ecliptic, ſhe would every full moon paſs through 
the body of the ſhadow, and there would be a total 
eclipſe of the moon. 


We have already obſerved, that the moon's 


orbit 


„„ „ bd ow 
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orbit is inclined to the plane of the ecliptic, and 
only coincides with it in two places, which are 
termed the nodes. It may, therefore, be full 
moon * without her being in the plane of the 
ecliptic; ſhe may be either on the north or the 
ſouth ſide of it; in either of theſe caſes, ſhe will 
not enter into the ſhadow, but be above it in the 


one, below it in the other. 


To illuſtrate this, let H G, fig. 1, pl. 10, repre- 
ſent the orbit of the moon, EF the plane of the 
ecliptic, in which the center of the earth's ſhadow 
always moves, and N the node of the moon's orbit; 
ABCD four places of the ſhadow of the earth in 
the echptic. When the ſhadow 1s at A, and the 
moon at I, there will be no eclipſe; when the full 
moon is nearer the node, as at K, only part of her 
globe paſſes through the ſhadow, and that part be- 
coming dark, it is called a partial eclipſe ; and it is 
faid to be of ſo many digits as there are 7welve 
parts of the moon's diameter darkened. When 
the full moon is ar M, ſhe enters into the ſhadow 
C, and paſſing through it becomes wholly darken- 
ed at L7 and leaves the ſhadow at O; as the whole 


body of the moon is here immerſed in the ſhade, 
this is called a 7ozal eclipſe; But u hen the moon's 


center paſſes through that of the ſhadow, which can 
only happen when ſhe is in the node at N, it is cal- 
led a total and central eclipſe. There will always 
be ſuch eclipſes, when the center of the moon, and 
axis of the ſhadow, meet in the nodes. 


1 2 8 | The 


A planet may be in oppoſition to, or n with che 
ſun, without being in a right line that paſſes through the ſun and 
the earth. Aſtronomers term it in conjunttion with the ſun, if 
it be in the ſame part of the zodigc; in oppoſition, if it be in a 
pan of the n 180 degrees from the ſun. 
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The duration of a central eclipſe is ſo long, as 
to let the moon go the length of three of it's dia- 
meters totally eclipſed, which ſtay in the earth's 
fhadow is computed to be about four hours; where- 
of the moon takes one hour from it's beginning to 
enter the ſhadow, till quite immerſed therein; two 


hours more ſhe continues totally dark; and the 


fourth hour is taken up from her firſt beginning to 

come out of the ſhadow, till ſhe is quite out of it. 
From the magnitude of the ſun, the ſize of the 

earth, their diſtance from each other, the refrac- 


tion of the atmoſphere, and the diſtance of the 


moon from the earth, it has been calculated, "that 
the ſhadow of the, exrth terminates in a point, 
which does not reach ſo far as the moon's orbit. 
The moon is not, therefore, eclipſed by the ſhadow 
of the earth alone. The atmoſphere, by refracting 
ſome of the rays of the ſun, and reflecting others, 
caſts a ſhadow, though not ſo dark a one as that 
which ariſes from an opake body; when, therefore, 


we ſay that the moon 1s eclipſed, by paſſing into 


the ſhadow of the earth, it is to be underſtood of 
the ſhadow of the earth, together with it's atmo- 
ſphere. Hence it is that the moon is viſible in 
eclipſes, the ſhadow caſt by the atmoſphere not be- 
ing ſo dark as that caſt by the earth. The cone of 
this ſhadow is larger than the cone of the earth's 
ſhadow, the baſe thereof broader, the axis longer. 
There have been eclipſes of the moon, in which the 
moon has entirely diſappeared: Hevelius mentions 
one of this kind, which happened in Auguſt 1647, 
when he was not able to diſtinguiſh the place of 
the moon, even with a good teleſcope, although 
the ſky was ſufficiently clear for him to ſee the ſtars 
of the fifth magnitude. | ; | 
All opake bodies, when illuminated by the rays 

of the ſun, caſt a ſhadow from them, which is en- 
compaſſed by a penumbra, or thinner ſhadow, which 
every 
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where ſurrounds the former, growing larger and 
larger as we recede from the body; in other 
words, the penumbra is all that ſpace ſurrounding 
the ſhadow, 110 which the rays of light can only 
come from ſome part of that half of the globe of the 
ſun, which is turned towards the planet, all the reſt 
being intercepted by the intervening body. 

Let S, fg. 2, pl. 10, be the ſun, E the pla- 
net, then the penumbral cone is FG H. The 
nearer any part of the penumbra is to the ſhadow, 
the leſs light it receives from the ſun; but the fur- 
ther it is, the more it is enlightened; thus the parts 
of the penumbra near M are illuminated by thoſe 
rays of light, which come from that part of the ſun 
near to I, all the reſt being intercepted by the pla- 
net E; in like manner, the parts about N can only 
receive the light that comes from the part of the 
ſun near to L, whereas the parts of the penumbra 
at Pand Q are enlightened in a much greater de- 
gree: for the planet intercepts from P only thoſe 
rays which come from the ſun near L, and hides 
from Q only a ſmall part of the ſun near I. | 

The moan paſſes through the penumbra before 
ſhe enters into the ſhadow of the atmoſphere ; this 
cauſes her gradually to loſe her light, which is not 
ſenſible at firſt, but as ſhe goes into the darker part 
of the penumbra, ſhe grows paler ; the penumbra, 
where it. is contiguous to the ſhadow, is fo dark, 
that it is difficult ro diſtinguiſh one from the 
other. If the atmoſphere be ſerene, every eclipſe 
of the moon is viſible at the ſame inſtant to all the 
inhabitants of that fide of the earth to which ſhe is 
oppoſite. „ 

If we imagine a plane parallel to the baſe of 
the earth's conical ſhadow to paſs through the 
ſhadow. at the diſtance of the moon's center from 
the earth, there will be projected upon the plane, 
the circle of the _— ſhadow, ſurrounded hg 2 
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the circle of the penumbra: the center of thoſe ir- 
cles is always in the plane of the ecliptic. The 
circle of the carth's ſhadow, when the earth is at the 


ſame diſtance from the ſun, is greater, the nearer 
the moon 1s to the earth. The circle of the earth's 
ſhadow 1s greater, when the moon is at the ſame 
diſtance from the earth, the further the earth is 
from the ſun. The apparent ſemidiameter of the 
moon in her ſyzygies is about 15 minutes: the 


: ſemidiameter of the circle of the earth's ſhadow, 


is about three times as e as the ſemidiameter of 
the moon. 

If the moon in oppoſition be in the node, the 
eclipſe of the moon will be total and central: if 
very near the node, total, but not central: if ſo far 
from the node that only part falls into the ſhadow, 
the eclipſe is partial: if ſo far from the node, that 
the diſtance of her center from the center of the 
circle of the earth's ſhadow is greater than the 


ſemidiameter of the ſhadow added to the ſemidi- 


ameter of the moon, ſhe will not be eclipſed at 
all. The moon paſſes through the penumbra be- 
fore the falls into the ſhadow; this makes her 
gradually loſe her light, and grow paler, a little 
before the begins to be eclipſed, | 

The moon is ſometimes in the middle of a 
total eclipſe inviſible in ſome places, and not in 


others, becauſe of the different conſtitution of the 


air; but generally ſhe appears of a duſky red co- 
lour, eſpecially towards the edges, being more 
dark about the middle of the ſhadow : this reddiſh 
colour 1s owing to the rays of the ſun, or to the 
light of the ſun's atmoſphere refracted through the 
earth's atmoſphere, or to the light of the ſtars and 
plancts, moſt probably to the firſt of theſe, 

The {un or moon ſeen from the earth, or the, 
earth ſcen from the ſun or moon, though ſpherical, 
on Account dt their diſtance appear like circular 

| Planes - 
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planes: theſe circular planes are called the diſks 
of the ſun, earth, or moon. The apparent diameter 
of the diſk of the ſun or moon is by aftronomers 
divided into 12 equal parts, which are called di- 
gits each digit into 6o parts, which are called 
minutes; as many of theſe. digits and minutes 
as are covered by the ſhadow in the middle of a 
partial lunar eclipſe, ſo many digits and minutes 


* 


of the moon are ſaid to be eclipſed. In a total on 


eclipſe of the moon without continuance, the moon' 
is eclipſed 12 digits: in a total eclipſe with con- 
tinuance, ſhe is eclipſed more than 12; thus, if her 
whole diſk is immerſed ſo deep within the ſhadow, 
that if her diameter contained 15 ſuch parts as no- 
it contains 12 of, the whole 15 would be eclipſed, 
the moon is then eclipſed 15 digits. Sometimes 
the apparent diameter of the moon is obſerved 
near the time of the eclipſe, and the greatneſs of 
the eclipſe expreſſed in minutes of degrees and ſe- 
conds. ' | 
The motion of the moon in her orbit being 
eaſtward, the beginning of a lunar eclipſe is when 
the eaſtern limb or edge of the moon's diſk touches 
the weſtern limb of the ſhadow: the end of a lu- 
nar eclipſe when the weſtern limb, of the moon's 
diſk leaves the eaſtern limb of the ſhadow: ina 
total eclipſe, the time the whole diſk is in the 
ſhadow is called the ſtay, or time of total im- 
merſion. | | OT 
The beginning or end of a lunar eclipſe, be- 
ing inſtantaneous, ſerves to diſcover the longitude, 
but not accurately without a teleſcope; for by 
reaſon of rhe penumbra, the beginning appears 
too ſoon, the end too late to the' naked eye, and 
not at the ſame time to all eyes: for this reaſon 
the longitudes of places and the places of the moon 
determined by eclipſes, before the invention of 
teleſcopes, cannot be depended upon. The mo- 
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derns, that they may have a greater number of 
opportunities of determining the longitude than 
the beginnings and endings of eclipſes would af- 
ford, do it by obſerving the immerſions of the 
moſt remarkable ſpots of the moon into the 
ſhadow, or by their- emerging out of it. 

The quantity 'of a lunar eclipſe depends, 1, 
upon the largeneſs of the circle of the earth's 
ſhadow, whoſe diameter may be different: 2d!y, 
upon the apparent diameter of the moon, which 
may be different: 3dly, ceteris paribus, upon the 
diſtance of the moon from her node, at the mo- 
ment of her being at the full. „„ 

He duration of a lunar eclipſe depends partly 
upon it's quantity, partly upon the velocity of 
the moon's motion croſs the ſhadow, which is the 
fame as her motion from the ſun. The moon's 
motion from the ſun is ſwifteſt when ſhe is in 
Her perigee, and the duration of a central eclipſe 
will then be ſhorteſt, though the moon's diameter 
and the diameter of the circle of the earth's ſhadow 
be then greateſt; becauſe the exceſs of the n:oon's 
way through the ſhadow, is more than compenſa- 
ted by the greater velocity of the moon's mo- 
tion. The longeſt duration of a central lunar 
eclipſe, i. e. when the earth is in aphelion, and the 
moon in apogee, is about 3 hours, 57% minutes, 6 
ſeconds. The ſhorteſt duration of a central lunar 
eclipſe, i. e. when the earth is in peribelion, and the 
moon in perigee, is 3 hours, 37 minutes, 26 ſeconds, 


Or EcLipsss or THe SUN, 


The moon, when in conjunction, if near one 
of her nodes, will be interpoſed between us and 
the ſun, and will conſequently hide the ſun, or a 
part of him, from us, and caſt a ſhadow upon the 
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earth: this is called an eclipſe of the fun ; it, may, 
be either partial or total. 

An eclipſe of any lucid body, is a deficiency, 
or diminution of light, which would otherwiſe 
come from it to our eye, and is cauſed by the in- 
rerpoſition of ſome opake body. 

The eclipſes of the ſun and moon, though 
expreſſed by the ſame word, are 1n nature very. 
different; the ſun, in reality, loſes nothing of it's. 
native Iuftre in the greateſt eclipſes, but is all the 
while inceſſantly ſending forth ſtreams of light 

every way round him, as copiouſly as before. 
Some of theſe ſtreams are, however, intercepted, 
in their way towards our earth, by the moon. 
coming between the earth and the ſun: and the 
moon having no light of her own, and receiv- 
ing none from the ſun on that half of the globe 
which is towards our eye, muſt appear dark, and 

make ſo much of the ſun's diſk appear ſo, as is, 
hid from us by her interpoſition. * 

What is called an eclipſe of the ſun, is. dds. | 
fore, in- reality, an eclipſe of the earth, which is, 
deprived of the ſun's tight, by the moon's coming. 
between, and caſting a ſhadow upon it. The, 

earth being a globe, only that half of it which at, 
any time is turned towards the ſun, can be en- 
lightened by him at that time; it is upon ſome. 
part of this enlightened half of the earth, that. 
the moon's ſhadow, or penumbra, falls i in a ſolar, 
eclipſe, 
Ihe ſun is always in the plane of the ecliptic; 
but the moon being inclined to this plane, and 
only coinciding with it at the nodes, it will not 
cover either the whole or a part of the ſun; or in 
other words, the ſun will not be eclipſed, unleſs. 
the moon at that time is in or near one of her 
nodes. 

The moon, however, cannot be directly be- 

tween 
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tween the fun and us, unleſs they are both in the 
fame part of the heavens; that is, unleſs they are 
in conjunction. T herefore, the ſun can never 
be eclipfed but at the new moon, nor even then, 
unleſs the moon at that time is in or near one of 
her nades. 

The moon being much ſmaller than the earth, 
and having a conical ſhadow, becauſe ſhe is leſs 
than the fun, can only cover a ſmall part of the 
earth by her ſhadow; though, as we have obſerved 
before, the whote body of the moon may be in- 
volved in that of the carth. Hence an eclipſe 
of the fun 1s vifible but to a few inhabitants 
of the earth; whereas an eclipſe of the moon 
way be feen by all thofe that are on that hemi- 
ſphere which is turned towards it. In other words, 
as the moon can never totally eclipſe the earth, 
there wilt be many parts of the globe that. will 
ſaffer no eclipſe, though the ſun be above their 
horizon. 

An eclipſe of 'the ſun always begins on the 
weſtern, and ends on the eaſtern fide; becauſe 
the moon moving in her orbit from weſt to caſt, 
neceflarity firſt arrives at and touches the ſun's 
weſtern limb, and goes off at the eaſtern. _ 

It is not neceſſary, in order to conſtitute a 
central eclipte of the ſun, that the moon ſhould 
be exactly in the line of the nodes, at the time of 
it's conjunction; for it is ſufficient to denominate 
an eclipſe af the ſun central, that. the center of 
the moon be directly between the center of the 
fan, and the eye of the ſpectator; for to him, the 
fun is then centrally eclipſed. But as the ſhadow, 
of the moon can cover but a ſmall portion of the 
earth, it is obvious this may happen when, the 
moon is not in one of her nodes. Further, the 
ſun may be eclipſed centrally, totally, partially, 
and not at ail, at the ſame time. 

- 8 „„ A total 
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A total eclipſe of the ſun is a very curious 
ſpectacle: Clavius ſays that, in that which he ob- 
Crved in Portugal, in 1650, the obſcurity was 
greater, or more ſenſible than that of the night: 
the largeſt ſtars made their appearance for about 
a minute or two, and the birds were ſo terrified, 
that they fell to the ground. : 

Thus in fig. 3, pl. 10, let A B C be the ſun, 
M N the moon, h I g part of the cone of the 
moon's ſhadow; f d the penumbra of the moon: 
from this figure it is eaſy to perceive, 

1. That thoſe parts of the earth that are with. 
in the circle repreſented by g h, are covered by 
the ſhadow of the moon, ſo that no rays can come. 
from any part of the ſun into that circle, on ac- 
count of the interpoſition of the moon. 

2. In thoſe parts of the earth where the 
penumbra falls, only part of the ſun is viſible; 
thus between d and g, the parts of the ſun near 
C cannot be ſeen, the rays coming from thence 
towards d or g, being intercepted by the moon: 
whereas at the ſame time, the parts between f and 
h are illuminated by rays coming from C, but are 
deprived by the moon of ſuch as come from A. 

3. The nearer any part of the earth, within the 
penumbra, is to the ſhadow of the moon, as in 
places near g, l, or h, the leſs is the portion of the 
ſun viſible to it's inhabitants; the nearer it is to 
the outſide of the penumbra, as towards d, e, or f, 
the greater is the portion ſeen. 

4. Out of the penumbra the entire diſk is 
viſible. 

The quantity of a ſolar eclipfe in general is ac- 
cording to the ſize of the moon's ſhade projected 
upon the earth; this ſhade is largeſt when the 
earth is in aphelion, the moon in perigee. | 
| The quantity of a ſolar eclipſe to thoſe within 
the ling which the center of the moon's ſhade de- 
ſcribes 


124 LrerukxEs ON NATURAL PHILOSOPHY. 


ſcribes upon the earth, depends upon the apparent 
diameters of the ſun and moon; if they be exactly 
equal, the eclipſe will be barely total; if the dia- 
meter of the moon be greater than the ſun, it will 
be more than total; if the diameter of the moon's 


ſhade be leſs than the ſun's, the eclipſe will be an- 
nular, i. e. the ſun's diſk will not be entirely co- 
| vered, but there will be a ring of his light viſible 


round the diſk of the moon. 


Eclipſes may be alſo total or annular, in 


laces a little diſtant from the way of the center of 
the ſhade, but not central. More than total eclip- 
ſes appear greateſt in thoſe places which are 
neareſt the path of the center of the ſnadow. Par- 
tial eclipſes appear greateſt in thoſe places which 
are neareſt the way of the moon's ſhadow upon 
the earth. The quantity of a ſolar eclipſe in any 


place is eſtimated by the number of digits of the 


ſun's diameter covered by the diſk of the moon, in 
the middle of the eclipſe: in an eclipſe barely 
total, the ſun is eclipſed 12 digits: when the 

eclipſe is more than total, he is eclipſed ſo much 
more than 12 digits, as the diſtance between the 


limbs of the diſks of the ſun and moon amounts to 


in thoſe points where thoſe limbs are neareſt to 
each other, | 


' The ſhape of the moon's ſhadow projected upon 


the earth in the middle of the eclipſe, depends 
upon the moon's diſtance from her node. If the 
moon is in her node, the centers of the ſun, moon, 
and earth, are all in a ſtrait line, which is perpen- 


dicular to the ſpherical ſurface of the earth, and 


therefore the projection of the moon's ſhadow upon 


the diſk of the earth will be a circle. When the 


moon has latitude, the axis of her ſhadowy cone 
makes an oblique angle to the ſpherical ſurface of 


the earth, and therefore the projection of the ſna- 
do upon the earth's diſk will be an ellipſis, whoſe 


excen- 
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excentricity will be greater, the greater the moon's 
latitude is. 3 5 
The largeneſs of the moon's ſhade projected 
upon the earth, depends upon the following cir- 
cumſtances: the conical ſhadow of the moon is 
longer, and fimilar ſections at equal diſtances from 
the moon are larger, the greater the moon's diſ- 
tance is from the ſun. Therefore the projection 
of the moon's ſhadow upon the earth 1s largeſt, 
when the earth is in aphelion, and the moon in pe- 
rigee ; leaſt, when the earth is in peribelion, and 
the moon in apogee, at the ſame time. In a ſolar 
eclipſe that is central and barely total, the veriex 
of the moon's ſhadow does but juſt reach the ſur- 
face of the earth; in an annular eclipſe, the coni- 
cal ſhadow of the moon does not reach ſo far as 
the earth. | | 
The way of the moon's ſhadow upon the earth 
is generally from weſt to eaſt; inclining towards 
the north pole, if the moon is near her aſcending 
node ; towards the ſouth pole, if ſhe is near her 
deſcending node. The way of the ſhadow upon 
the earth may ſometimes, but rarely, be from eaſt 
to weſt, and the ſun appear to be eclipſed firſt near 
his eaſtern limb. The way of the center of the 
moon's ſhadow is a ftrait line only when it de- 
ſcribes a diameter upon the earth's diſk ; other- 
wiſe it is an elliptic curve, but ſo near a ſtrait line 
that it may without any ſenſible error be repre- 
{ſented by one. | mg 
The duration of ſolar eclip/es depends on the 
following conſiderations. If the moon is in her 
node, the center of her ſhadow paſſes over the 
center of the earth's enlightened dick, and deſcribes 
a diameter, i. e. the longeſt line which can be 
taken in a circle; if the moon has latitude, the cen- 
ter of her ſhadow deſcribes a chord in the circular 
diſk of the earth, i, e. a line leſs than a diameter. 
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The whole time the penumbra of the moon is 


paſſing over the diſk of the earth, is called the time 
of the general eclipſe : becauſe all that time the 
ſun appears eclipſed in ſome place of the earth or 
other. The beginning of the general eclipſe is 
when the moon's penumbra enters upon the diſk of 
the earth, the end when the penumbra of the moon 


leaves the earth's diſk. The duration of the ge- 


neral eclipſe depends upon the length of the line 
deſcribed upon the earth's diſk by the center of the 
ſhadow, the velocity of the moon's. motion from 


the ſun, and the largeneſs and ſhape of the pro- 


jection of the ſhadow and penumbra. 


The beginning of a ſolar eclipſe in any place 


upon the earth is when the penumbra, which ſur- 
rounds the moon's ſhadow, firſt touches the place; 
the end of the eclipſe is when the penumbra leaves 


the place; the duration of the eclipſe is whilft the 


penumbra paſſes over the place. In any place 
upon the earth where the-eclipſe is more than 
© total, the beginning of the total darkneſs is when 
the ſhadow of the moon firſt touches the place, the 
end when it leaves it. Eclipſes more than total 
are ſaid to be total with ſtay; the time of ſtay, 
viz. of total darkneſs, in any place, is the time of 
the ſhadow paſſing over that place. 

The time the ſhadow is paſſing over any place, 
{and the ſame is true of the penumbra, which is 
always ſimilar to the ſhadow, ) is variable, 1ſt, from 


the velocity of the moon's motion from the ſun; 


2d, from the length of the ſhadow meaſured in a 
line: parallel to the way of the ſhadow, and drawn 
through the place; 3d, from the proximity of the 
place to the center of the carth's-diſk; 

T.)he circumference of the moon's orbit is 60 
times as great as the circumference of the earth; 
and therefore, each degree of the moon's orbit is 


equal to 60 degrees of a great circle on the earth's 
| ſurface. 
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ſurface. And as one degree of ſuch a circle on 
the earth contains 69 4 Engliſh miles, a degree of 
the moon's orbit contains 4155 miles. The moon's 
motion in her orbit, conſidering it as from the ſun 
to the ſun again, {or from change to change) is 
through all the 360 degrees thereof in 29 4 days: 
and therefore ſhe moves about half a degree, or 
2077 miles from the ſun in one hour: and with 
the ſame velocity her ſhadow moves over the 
carth, namely, at the rate of 34 T6 miles in a mi- 
nute; which is more than four Limes as ſwift as 
the motion of a cannon-ball. 
I) be moon goes round the earth, not in a cir- 
cular, but in an elliptical orbit; and the carth's 
center is in one of the focuſes of that orbit. Hence 
the moon's diſtance from the earth is continually 
vary ing: at a mean rate it is 240,000 miles. 
| When the moon changeth at her leaſt diſtance 
from the earth, her dark ſhadow may cover a ſpot 
170 miles broad on the carth's ſurface, if the time 
be about noon ; but much more if the time be in 
the morning or evening: and, to all who are 
within that ſport, the ſun will appear to be totally 
eclipſed, but to no place without it, although he 
will be partially eclipſed to ſeveral hundred miles 
around. But as the moon's motion is then the 
ſwifteſt that it can be, the dark ſnadow will be car- 
ried quite over that ſpot in five minutes at moſt, 
although the diurnal motion of the earth is rhe 
fame way that the moon's ſhadow goes. And 
therefore, the longeſt duration of a total eclipſe of 
the ſun can never be more than 5 minutes, even if 
it happen at noon. In the morning and evening, 
the earth's motion contributes very little toward 
the duration of a ſolar eclipſe, becauſe the dark 
ſhadow falls ſo obliquely on the earth; and indeed, 
in ſuch an eclipſe, the darkneſs will be over in leſs 
than 5 minutes, gs che ſhadow then covers 
more 
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More of the earth's ſurface than it can do about 
Hoon. 

When the moon changeth at ber mean diſ- 
tance from the earth, the point of her dark ſha- 
dow does but juſt reach the earth: and to the 

laces where it goes ſucceſſively over, the ſun will 
be totally eclipfed only for an inſtant of time. 

When the moon changeth at her greateſt dif- 
tance from the earth, her dark ſhadow does not 


reach the earth at all: and therefore the ſun is not 
then totally hid from any part of the earth, but ap- 


ears like a luminous ring, all around the dark body 


of the moon, to each part of the earth that the 


point of her ſhadow is ſucceſſively directed while 
the is paſſing between the earth and the ſun. 

Thus it is plain, that the ſun can never be 
eclipſed but at the time of new moon, nor the 
moon but when the 1 is full. | 


Or Tus Lrurrs or Sb Ad 4% Lovan Eck Irsks. 
The earth goes round the ſun every year in an 
orbit called the ecliptic; and therefore the ſun, as 


ſeen from the earth, appears to go round the eclip- 


tic once a year. 
If the moon's orbit lay quite even with the 


ecliptic, (or, as it is commonly expreſſed, in the 
plane of the ecliptic) the ſun would be eclipſed at 
the time of every new moon, becauſe the moon 
would then be directly between the earth and the 
fun: and the moon would be eclipfed at every time 


- the was full, becauſe the earth would then be di- 


rectly between her and the ſun. 
But one half of the moon's orhit lies on the 


north ſide of the plane of the ecliptic, and the 
other half on the ſouth ſide of it. Therefore the 
moon's orbit interſects the plane of the ecliptic on- 
ly ü in tuo oppoſite points, which are called the 


moon's 


— 


.> 


* 


Ox As TR,. 11 gs 


moon's nodes. The angle which the moon's orbit 
makes with the plane of the ecliptic is 5 degrees, 
18 minutes; fo that, when the moon is in the 
northmoſt point of her orbit, ſhe is 5 degrees, 18 
minutes north of the ecliptic ; and as far ſouth of it 
when ſhe is in the ſouthmoſt point of her orbit. 
Hence it is plain, that the moon can never be in the 
ecliptic but when ſhe is in one or other of her nodes. 
When the moon is any more than 18 degrees 
from either of her nodes at the time of her change, 
ſhe does not paſs between the ſun and any part of 
the earth; but goes either above or below the ſung 
according as ſhe is then north or ſouth of the 
ecliptic ; and therefore ſhe cannot then hide any 
part of the ſun. from any part of the earth. But 
when ſhe changeth within 18 degrees of either 
node, ſhe will hide the whole or part of the ſun 
from ſome part of the earth. And if ſhe be in 
either of her nodes at the time of change, the ſun 
will be centrally eclipſed to that point of the earth's 
ſurface which is then in a ſtrait line between 
the ſun's center and the earth's. At all other places 
which the center of the moon's ſhadow goes 
over, the ſun will likewiſe be centrally eclipſed. 
When the moon is any more than 12 degrees 
from either of her nodes at the time of full, ſhe 
paſſeth clear of the earth's ſhadow ; and therefore 
the cannot be eclipſed at that time. But when ſne 
is within 12 degrees of either node at the time of 
her being full, ſhe is eclipſed. And when ſhe is. 
full in either of her nodes, ſhe goes through the 
middle of the earth's ſhadow, and is totally eclipſed 
with the longeſt continuance, which may be above 
an hour and an half. | 


Or Tae PrRrop or Ecrrpsts. 


The ecliptic is divided into twelve equal parts, 
Vor, IV. K called 


130 LISTrVRES on NATURAL PHILOSOPHY. 


called //gns, and each ſign into 30 equal parts cal- 
led degrees. If the moon's nodes had no motion 
through the ſigns of the ecliptic, there would be 
juſt half a year between the times of the ſun's con- 
junctions with the nodes; and then, in whatever 
ſigns the ſun and moon were eclipſed in any given 
year, they would be eclipſed every year after. But 
the eclipſes fall ſo much ſooner every ſucceeding 
year than they did on the year before, as to prove 
that the nodes move backward, or contrary to the 
motion of the moon, 194 degrees every year, from 
the conſequent toward the antecedent ſigns. And 
therefore, they go backward through all the ſigns 
and degrees of the ecliptic in 18 years and 225 
Gays. {2 5 
: If. in that time there were any exact humber 
of courſes of the moon from change to change, 
without any fraction, there would be an exact pe- 
riod or reſtitution of eclipſes in the ſame time. 
But during this revolution of the nodes, there are 
230 courſes of the moon, and a quarter of a courſe 
more: ſo that there can be no exact period of 
eclipſes in any complete revolution of .the nodes. - - 
But in 18 years, 11 days, 7 hours, and 434 
minutes, in which time there are juſt 223 courſes 
of the moon from change to change, there is a 
conjunction of the fun and moon with the ſame 
node as before; and conſequently, a period or 
reſtitution of all the eclipfes of the ſun and moon. 
And therefore, if to the mean time of any eclipſe, 
either of the ſun or moon, you add 18 years, 11 
days, 7 hours, 434 minutes, you will have the 
mean time of the return of that eclipſe. Only 
note, that when the laſt day of February, in leap- 
years, comes but four times into this period,. you 
are to add the above number of days, hours; and 
minutes: but when it comes five times in, as it 
will ſometimes do, you muſt add one whole day leſs. 
| "+ "Fu 
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And thus, any one; who has a ſet of almanacks for 
19 years, in which all the eclipſes are noted for 
that time, may very eaſily calculate the time of 
any future eclipſe. This is called the Chaldean 
Saros, or period of eclipſes. 

As the nodes go backwards at the rate of 197 
degrees every year, which, for the ſake of round 
numbers, we may call 19 degrees; theſe 19 degrees 


are _— equal to 19 days of the ſun's motion, 
and the 


alf of 19 is 94; ſubtract 9: days from 
182% days, which make half a year, and there will 
remain 173 days for the time between the ſun's 
being in conjunction with either of the nodes till 
the time of his being ſo with the other. 
Now, as the ſun can never be eclipſed when 
he is more than 18 degrees from either node, nor 


the moon when ſhe is more than 12, (as already 
mentioned, ) it is plain there muſt be an eclipſe of 


the ſun at the time of every new moon that falls 
within 18 days before or after the time of his be- 
ing in conjunction with either of the nodes; and 


that the moon muſt be eclipſed at every time of 
her being full within 12 days before or after the 
time of the ſun's being in conjunction with either 


of the nodes. And conſequently, if we can tell on 


what days of the year theſe conjunctions fall, we 


can eaſily tell at what new and full moons there 


muſt be eclipſes; ſeeing the days of new and full 


moons are ſo generally known. 

Ina ſome years there are ſix eclipſes, four of 
which are of the ſun, and two of the moon: in 
other years there are only two, and when that hap- 
pens, they are both of the ſun: but the moſt com- 
mon number is four; namely, two of the ſun, and 
two of me moon. 
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Tus DaRRKN ESS AT OUR Sow 8 CRrvc1rlxrox 
SUPERNATURAL. 


From the account I have given you of eclipſes 
it plainly appears, that the ſun can never be eclip- 
ſed, .in a natural way, but at the time of new moon, 
nor the moon but when ſhe is full; and that, when 
the ſun is totally eclipſed, the darkneſs can never 
continue above five minutes at any place of the 
earth. | 
But the three evangeliſts, St. Mathe rv, St. Mark, 
and St. Luke,mention a darkneſs that continued three 
hours, at the time of our Saviour's crucifixion. 
If their account of that darkneſs had been falſe, it 
would have been contradicted by many who were 
then preſent; eſpecially as they were great ene- 
mies both to Chriſt and his few diſciples, as 
well as to the doctrine he taught. But as none 
of the Jews have contradicted the evangeliſts' ac- 
count of this moſt extraordinary phenomenon, 


it is plain that their account of it is true. Beſides, 


the evangeliſts muſt have known full well, that 
it could not be their intereſt to palm ſuch a lie 
upon mankind ; which, when detected, muſt have 
gone a great way toward deſtroying the credi- 


bility ot all the reſt of the account they gave 


of the life, actions, and doctrine of their maſter: 
and inſtead of forwarding the belief of chriſtianity, 


it would have been a blow at the very root thereof. 


We do not find that they have beſtowed any pane- 
gyric on the life and actions of Curisr, or thrown 


out an invective againſt his cruel perſecutors; but, 


in the moſt plain, ſimple, and artleſs manner, have 
told us what their ſenfes convinced them were 
matters of fact: ſo that we have as good reaſon to 
believe that there was ſuch darkneſs, as we have 
to believe that Chriſt was then W earth: and 
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that hen was, has never been contradicted, even by 
the Jews themſelves. 

But there are other accounts of Chriſt, beſides 
thoſe which the evangeliſts have left us. It is ex- 
preſsly affirmed, by the two Roman hiſtorians, Taci- 
tus and Suelonius, that there was a general ex- 
pectat ion ſpread all over the eaſtern nations, that 

out of Fudea ſhould ariſe a perſon who ſhould be 
Governor of the world. That there lived in Judea, 
at the time which the goſpel relates, ſuch a perſon 
as Feſus of Nazareth, is acknowledged by all au- 
thors, both Jewiſh and Pagan, who have written 
ſince that time. The ſtar that appeared at 
his birth, and the journey of the Chaldean wiſe 
men, is mentioned by Chalcidius the Platoniſt. 
Herod's cauſing the children in Bethlehem to be 
flain, and a reflection upon him on that occaſion 
by tne. emperor Auguſtus, is related by Macrobius. 
Many of the miracles that Ze/us wrought, particu- 
larly his healing the lame, and curing the blind, | 
and caſting out devils, are owned by theſe inve- 45 
terate and implacable enemies of chriſtianity, ; 
Celſus and Fulian, and the authors of the. Jewiſh 
Talmud. That the power of the heathen gods 
ceaſed, after the coming of Chriſt, is acknowledged 
by Porphyry, who attributed it to their being angry 
at the ſetting up of the chriſtian religion, which 
he calls impious and profane. The crucifixion of 
Chriſt under Pontius Pilate is related by Tacitns, 
and the earthquake and miraculous darkneſs at- 
tending it were recorded in the public Roman 
regiſters, commonly appealed to by the ſirſt chriſ- 
tian writers, as what could not be denied by the 
adverſaries themſelves; and are in a particular 
| manner atteſted by Lhlegon, the freed man of 
Adrian. 
| Some people hve ſaid, chat the aboye men- 
tioned darkneſs might have been accationed by a 
KF. | natural 
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natural eclipſe of the fun; and conſequently, that 
there was nothing miraculous in it. If this had 
j been the caſe, it is plain that our Saviour muſt have 
i been crucified at the time of new moon. But then, in 
a natural way, the darkneſs could not poſſibly have 
| continued for more than five minutes: whereas, 
to have made it continue for three hours, the moon's 
| motion in her orbit muſt have been ſtopt for three 
1 hours, and the earth's motion on it's axis muſt 
have been ſtopt as long too. And then, if the 
wer of gravitation had not been ſuſpended du- 
ring all that time, the moon would have fallen a 
reat way toward the earth. So that nothing leſs 
han a triple miracle muſt have been wrought to 
have cauſed ſuch a long continued darkneſs by the 
| interpoſition of the moon between the ſun and any 
| | part of the earth: which ſhews, that they who make 
| ſuch a ſuppoſition are entirely ignorant of the na- 
ture of eclipſes. But there could be no natural or 
regular eclipſe of the ſun on the day of Chriſt's 
crucifixion; as the moon was full on that day, and 
conſequently i in the fide of the heavens oppoſite to 
| the ſun. And therefore the darkneſs at the time 
ll of his crucifixion was quite ſupernatural. 
ll The Ifraelites reckoned their months by the ” 
courſe of the moon, and their years (after they | 
left Egypt) by the revolution of the ſun, computed | 
rom the equal day and night in ſpring to the like 6 
time again. For we find, they were told by the | 
Almighty (Exod. xii. 2.) that the month 44:4 (or 
. Ni/an) ſhould be to them he Hirt month of the year. 
1 This was the month in which they were delivered 
* from their Egyptian bondage, and includes part 
| of March and part of Ne in our way of reck- 
gang. 
In ſeveral places of the Old Teſtament, 
ve find that the Iſraelites were ſtrictly com- 
manded to __ the paſchal lamb on the evening 
(or, 


Ao 
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(or, as it is in the Hebrew, between the evenings) 
of the fourteenth day of the firſt month; and 5 — 
ſepbus expreſsly ſays, The paſſover was kept on 
the fourteenth day of the month N:/an, according 
to the moon, when the ſun was in Aries.“ And 
the ſun always enters the ſign Aries, when the day 
and night are equal in the ſpring ſeaſon. 

They began each month on the firſt day of 
the moon's being viſible, which could not be in 
leſs than 24 hours after the time of her change; 
and the moon is full on the 15th day reckoned 
from the time of change. Hence, the 14th day of 
the month, according to the Iſraelites' way of rec- 


koning, was the day of full moon: which makes it 


plain, that the paſſover was always kept on a full 
moon day; and at the time of the full moon next 
after the equal day and night in the ſpring; or, 
when the ſun was in Aries, | | 

All the four evangeliſts aſſure us, that our 
Saviour was crucified at the time of the paſſover: 
and hence it is plain, that the crucifixion was 
at the time of full moon, when it is impoſſible 
that the moon could hide the ſun from any part of 
the earth. St. John tells us, that Chriſt was cru- 
cified on the day that the paſſover was to be eaten; 
and we likewiſe find, that ſome remonſtrated againſt 
his being crucified on the feaſt day, leſt it ſhould 
cauſe an uproar among the people.””* 


* Ferguſon's Aſtronomical Lecture on Eclipſes. 
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136 | Lzerures ON NatvRAL PHILOSOPHY, | 
of LECTURE XLI. 


Or eee AND RerRAcrrIoN, AND THE ABER» 
RATION oF LIGHT, &c, 


' STRONOMY is ſubject to many difficulties, 

beſides thoſe which are obvious to every eye. 
When we look at any ſtar in the heavens, we do not 
ſee it in it's ręal place; the rays coming from i it, when 
they paſs out of the purer etherial medium, into 
our coarſer and more denſe atmoſphere, are refrac- 
ted, or bent in ſuch a manner, as to ſhew the ſtar 


higher than it really is. Hence ve ſee all the ſtars 
before they riſe, and after they ſet; and never, per- 
haps, ſee any one in it's true place in the heavens. | 


There is another difference in the apparent ſitua- 
tion of the heavenly bodies, which ariſes from the 
ſtations in which an obſerver views them. This 


difference in ſituation is called the parallax of an 


ob ject. 


Or RETRACTTON. 


As one of the principal objects of aſtronomy 
is to fix the ſituation of the ſeveral heavenly bo- 


dies, it is neceſſary, as a firſt ſtep, to underſtand 
n "cauſes which accaſion a falſe appearance 
of the place of thoſe objects, and make us ſup- 


poſe them in a different ſituation from that 


which they really have. Among theſe cauſes, 


refrattion is to be reckoned. By this term is 
meant, the bending of the rays of light as they 

paſs out of one medium into another. 
The earth is every where ſurrounded by an 
hetero- 


en,, 
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-heterogeneous fluid, a mixture of air, vapour, and 
terreſtrial exhalations, that extend to the regions 


of the ſky. The rays of light from the ſun, moon, 


and ſtars, in paſſing to a ſpectator upon the earth, 


come through this medium, and are ſo refracted 


in their paſſage through it, that their apparent 


altitude is greater than their true altitude. 
Let A C, fg. 3, pl. 7, repreſent the ſurface 
of the earth, I it's center, B P a part of the at- 
moſphere, HE K the ſphere of the fixed ſtars, 
A F the ſenſible horizon, G a planet, GD a ray 
of light proceeding from the planet to D, where 
it enters our atmoſphere, and is refracted towards 
the line D T, which is perpendicular to the fur. 
face of the atmoſphere ; and as the upper air is 
rarer than that near the earth; the ray 1s continu- 


ally entering a denfer medium, and is every mo- 
ment bent towards T, which cauſes it to deſcribe 


a curve as D A, and to enter a ſpectator's eye at 
A, as if it came from E, a point above G. And 
as an object always appears in that line in which 
it enters the eye, the planet will appear at E, 
higher than it's true place, and frequently above 
the horizon A F, when it's true place is below it 
. | nf | & 
This refraction is greateſt at the horizon, and 
decreaſes very faſt as the altitude increaſes, inſo- 
much that the refraction at the horizon differs 
from the refraction at a very few degrees above 
the horizon, by about one-third part of the 
whole quantity. At the horizon, in this climate, 
it is found to be about 33 minutes. In climates 
nearer to the equator, where the air is purer, the 

retraction is leſs; and in the colder climates, nearer 


to the pole, it increaſes exceedingly, and is a hap- 


py proviſion for lengthening the appearance of 
the light at thoſe regions ſo remote from the ſun. 
Gaſſendus relates, that ſome Hollanders who win- 


tered 
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tered in Nova Zembla, in latitude 75 degrees, were 
agreeably furprized with a ſight of the ſun 17 days 
before they expected him in the horizon. This 
difference was owing to the refraction of the at- 
moſphere in that latitude. To the ſame cauſe, 
together with the peculiar obliquity of the moon's 
orbit to the ecliptic, ſome of theſe very northern 


regions are indebted for an uninterrupted light 


from the moon much more than half the month, 
and ſometimes almoſt as long as it is capable of 
affording any light to other parts of the-carth. 

Through this refraction we are favoured with 
the ſight of the ſun, about 3 minutes and + before 
it riſes above the horizon; and alſo as much every 
evening after it ſets below it, which in one year 
amounts to more than 40 hours. FI 

It is to this property of refraction that we are 
alſo indebted for that enjoyment of light from 


the ſun when he is below the horizon, which pro- 


duces the morning and evening twilight. The 
ſun's rays, in falling upon the higher part of the 


atmoſphere, are reflected back to our eyes, and 


form a faint light, which gradually augments till 
it becomes day. It is owing to this, that the ſun 
illuminates the whole hemiſphere at once; de- 

rived of the atmoſphere, he would have yielded 
no light, but when our eyes were directed towards 
him; and even when he was in meridian ſplendor, 
the heavens would have appeared dark, and as full 
of ſtars as on a fine winter's night. The rays of 


light would have come to us in ſtrait lines, and 


the appearance and diſappearance of the ſun would 
have been inſtantaneous; we ſhould have had a 
ſudden tranſition from the brighteſt ſun-ſhine to 
the moſt profound darkneſs, and from thick dark- 
neſs to a blaze of light. Thus by refraction we 
are prepared gradually for the light of the ſun, 
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the FRY of it's light is W and the 
ſnades of darkneſs ſoftened. | 
Toit we muſt alſo attribute another curious 
phenomenon, mentioned by Pliny ; for he relates, 
that the moon had been eclipſed once in the weſt, 

at the ſame time that the ſun appeared above the 
horizon in the eaſt. Maſtlinus, in Kepler, ſpeaks 
of another inſtance of the ſame kind, which fell 
under his own obſervation, fe 


Or PARALLAX. | 


The parallax of a celeſtial object is the 
difference between the places that the object is re- 
ferred to in the celeſtial ſphere, when ſeen at the. 
ſame time from two different places within that 
ſphere, Or it may be conſidered as the angle un- 
der which any two places in the inferior orbits 
are feen, from a en planet, or from a fixed 
ſtar, 

The parallaxes mainly uſed by aſtronomy, 
are thoſe which ariſe from conſidering the object 
as viewed either from the center of the earth and 
the fun, or from the ſurface and center of the 
carth, or from all three compounded. _ 

The difference between the place-of any pla- 
net as ſeen from the ſun, and the ſame planet as 
ſeen from the earth, is called the parallax of the 
annual orbit ; in other words, it is the angle at any 
planet ſubrended between the {un and the earth. 
Ihe diurnal parallax is the change of a 
celeſtial body's apparent place, ariſing from it's 
being viewed from two different ſtations, one- 
on the Jurface, and the other at the center of the 
earth. 

Ihe neceſſi ity of this diſtinction is obvious, 
for you know that an object will change it's ap- 


E fituation with reſpect tq another, according 
1 
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to the ſtation from which it is viewed; hence 
celeſtial objects viewed from different parts of the 
carth's ſurface, will appear in different ſituations. 
To facilitate and give certainty to calculation, 
aſtronomers refer all celeſtial appearances to the 
center of the earth; of courſe they are obliged con- 
tinually to calculate parallaxes, in order to reduce 
the obſerved places of the objects to that where 
they would be ſituated if ſeen from the center of 


the earth. 


Let a line, A B, fig. 4, pl. 7, be drawn per- 
pendicular to the diſtance B C, between an adja- 
cent object C, and any given ſtation B: the ap- 
parent places of the object, when viewed from tac 
extremities of the line A B, will be different. 

1. The perpendicular line AB is called 


the baſe: 2. The extremities A Bof the baſe are 


called ſtations. 3. The angle A C B, ſubtended 
by the extremities of the baſe at the object, is 
called the angle of the parallax. 4. The baſe is 
to the leſſer of the two diſtances of the object 
from the extremities of the baſe, as the tangent 
of the angle of parallax to radius; and to the 
greater, as the ſine of the ſame angle to radius. 
Suppoſe lines to be drawn from the two ſta- 


tions to an object: one of the angles contained by 
theſe lines (as in the figure) being a right angle, 
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the other will be the nene of the parallax 
to go degrees. 


If the angles at the ſtations terminating a 


given baſe be known, it is eaſy, by trigonometry, 
to determine the diſtance of the object. N. B. We 


here ſuppoſe one of the angles at the baſe to be 


90 degrees. 
When the diftance of an object is greater 
han 100,000 times the baſe, the angles at the two 
ſtations will not ſenſibly differ from two right 
ones; and * the lines drawn from the 
object 
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object to the ſtations, are, phyſically ſpeaking, 
parallel. | 

Now the angle, whoſe tangent is to radius, as 1 
to 100,099, is 2006, or very little more than a ſe- 
cond; and the moſt accurate inſtruments con- 


ſtructed for the menfuration of angles cannot be 


depended upon to 2 ſeconds. _ 

Therefore the parallax of an objec; whoſe 
diſtance is above 100,000 times greater than that 
between the two ſtations of obſcrvation, is in- 
ſenſible. | 

We may therefore ks. that 1f the pa- 
rallax of an object (obſerved with an inſtrument 
ſufficiently exact to meaſure an angle of 2 ſeconds) 
be inſenſible, the diſtance of it from either ſtation 
cannot be leſs than 100,000 times the baſe, from 
the extremities of which it is obſerved. 

But you are to obſerve, that although the diſ- 
tance of the object cannot be leſs than 100,000 
times the baſe, it may be greater in any aſſi dle 
ratio. 

Lines drawn from any given point in a baſe, 
to an object, may be eſteemed in practice parallel, 
without ſenſible error, if the diſtance of the object 
is more than 100,000 times the baſe. 

Having laid down theſe few general princi- 
ples, we may now proceed to explain the paral- 
laxes uſed by aſtronomers, which are principally 
thoſe which ariſe from conſidering the object as 
viewed from the center of the earth and ſun, from 
the ſurface 'and the center of the earth, and from 
theſe compounded. _ | 

The diameter of the earth 1s the longeſt ſtrait 
line we can accurately obtain, and is in general 
the baſe uſed for determining the diſtances of ce- 


leſtial objects by their parallaxes. 


The change in the apparent place of a planet, 
or fixed ſtar, or any celeſtial body, ariſing from 
it's 


from the zenith, is greater than the true diſtance; 
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it's being viewed on the ſurface, or from the cen- 
ter of the earth, is called it's diurnal parallax. 

To explain the parallaxes with reſpect to the 
earth, I ſhall uſe the diagram, fg. 2, pl. 7, where 
HSW repreſents the earth; T it's center; OR G 
Part of the moon's orbit; P r g a part of a pla- 
net's orbit; Z a A part of the ſtarry heavens 
Z Sa line which paſſes through the zenith. 

Now it 1s plain from the inſpection of the 
diagram, that a planet P fituated in the zenith 


line, always anſwers to the ſame point of the 


heaven, whether it be regarded from the center T, 

or from the point S on the ſurface; /o that a ce- 
I Body in the zenith bas no parallax. | 

If the planet, inſtead of being in the zenith, 

is in the horizontal line S A, perpendicular to the 

ron Z 8, it's diſtance IT from the center of the 

earth is the ſame as it's diſtance T P. But the 


place of the planet ſeen from the center of the 


earth is at d, while it's place ſeen from S or the 


ſurface is at A; the difference between theſe two 


fituations is their parallax. 
Let us now compare theſe two points or ſitu- 


ations with the point Z, where the planet 1 is ſeen, 
when in the zenith of the obſerver. The an: 


gle ZSg formed by the vertical line S Z, and 
the line SA in which the planet appears, is the 

pparent diſtance of the planet from the zenith: 
he if you were at the center of the earth, the angle 


ZTg would ſhew the true diſtance from the zc- 


nith. 
The apparent diſtance Z 88. is greater than 


the true diſtance Z Tg, in the right angled tri- 
angle g IS. Geometry proves that the angle Z Sg 
is equal the two angles STg,Sg T. It is therefore 
greater than the angle 8 T g, by the quantity 
Sg T. Thus the apparent diſtance of the planet 


and 


and the difference between theſe two angles S g T., 
is the parallactic angle, which is in this caſe called 
he horr2ontal parallax, the line 8 T being the baſe. 
The parallax of a celeſtial body, is then the 

angle formed from the center of the body by two 
lines, one of which proceeds to the center of the 
earth, the other to it's ſurface; or it is the incli- 
nation of two lines which proceed the one from 
the center, the other from the ſurface of the earth, 
to unite in the center of the planet; or ſtill in 
other words, it is the angle at which the ſemidi- 
ameter of the earth will appear, ſeen from the 
center of the planet. N 

The triangle T S g, is called the parallacic 
triangle ; it is always ſituated vertically, becauſe the 
line S T is a vertical line; thus the whole effect of 
parallax is made in a vertical circle; indeed, as the 
center of the earth is under your feet, that is the 
plane of all the verlical circles. Therefore, paral- 
lax is always reckoned on theſe circles, making 
them appear lower, but never to the right or left 
of a vertical circle; conſequently the parallax does 
nat change the azimuth of a planet. | 

I have hitherto only ſpoken of the parallax 

when the planet is in the horizon, that is, when 
ZSg is a right angle, and I have called this the 
borizontal parallax. If the planet is nearer the 
zenith, as at Y, the paraila<tic angle becomes ſmall- 
er, and is called the parallax of altitude. It is evi- 
dent by the diagram, that the horizontal parallax 
is the greateſt of all, and that as the planer riſes 
above the horizon it gradually diminiſhes un- 
tih it comes to the zenith, where it vaniſhes or 
5 becomes equal to nothing. Thus the parallax A 
G D of the object G, is greater than the parallax 
IAR of the ſame object when at R; but when it 
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cl is at O in the zenith, there is no parallax. 
jt The parallax of a planet is ſmaller in pro- 


portion 
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portion as it is more diſtant; for the nearer g is 
to 8, the greater is the angle Sg T; hence 
mathematicians prove, that when the altitudes are 
the ſame, the parallax af altitude is in the inverſe 
ratio of the diſtance. | _ . 
Ihe horizontal parallax of the moon, which 
is the greateſt of all the planets, does not exceed 
a degree. { 7 | 
Ihe parallax of a planet increaſes alſo with 
it's apparent diameter; in fact, the further a planet 
is off, the leſs is it's apparent diameter, and the 
diameter diminiſhes like the parallax in an inverſe 
ratio of the diſtance ; therefore the parallax 1s as 
the diameter. If the parallax was leſſened one half, 


the diameter would be one half leſs; and the ſame 


relation ſubſiſts, whatever be the diſtance. Thus 
the diameter of the moon is always A of it's 
parallax, and the cube of this fraction z, marks 
it's ſize with reſpect to the earth. 
When the horizonral parallax of a celeſtial 
object is known, it is eaſy to diſcover, by the rules 
of trigonometry, the diſtance of the object; for in 
the right angled triangle S T G, you have the ſemi- 


diameter of the earth S T known, the angle S T D 
90 degrees, and the parallactic angle T G S given, 


from whence it is eaſy to obtain the reſt. It is indeed 
difficult to determine the horizontal parallax with 
accuracy, on account of the effects of refraction. 
But the parallax of an object at any altitude being 
obſerved, it's horizontal parallax may be computed. 

The diurnal parallax of an object according 


to the different ſituation of the ecliptic and equator 
in reſpect to the zenith, will ſometimes cauſe an 


apparent change or parallax of the latitude, lon- 

itude, declination, and right aſcenfion thereof. 
In finding the parallax of the ſun, or which is 
the ſame, the angle under which the earth's ſemi- 
diameter would appear at that diſtance, the angle 
13 
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is ſo exceeding ſmall, that a miſtake of one ſe- 
cond would occaſion an error of about ſeven mil- 
lions of miles, from whence you may judge the ex- 
actneſs neceſſary in finding the parallax of any 
celeſtial object. EB. 
The annual parallax is the change in the 
apparent place of an object, which is cauſed by 
it's being viewed from the earth in different parts 
of it's orbit. | | 5 

The annual parallax of all the planets is very 


confiderablle; that of the fixed ſtars inſenſible. 


The ſun's parallax being fo ſmall as to be 
ſcarcely ſenſible to the beſt obſervers when uſing 
the moſt accurate inſtruments, various indirect me- 


thods have been propoſed: of theſe, that ſuggeſted by 
Dr. Halley is allowed to be the moſt perfect. It 


was to obſerve the tran/it or paſſage of Venus over 
the ſun's diſc; a phenomenon which happened in 
the years 1761 and 1769, and by which this dif- 
ficult problem was reſolved with, an accuracy un- 

looked for by aſtronomers of ancient times. | 


Or THE Apparent MoTION OF THE FIXED STARS, 
 OCCASIONED BY THE ABERRATION OF LIGHT. 


I he aſtronomers of the laſt century, in their 
endeavours to diſcover the, parallax of the fixed 
ſtars, ' found annual variations in the ſtars, follow- 
ing a law contrary to what would have happened, 


had it arifen merely from the earth's ſituation-in 


his orbit. | | 

— Theſe variations threw them into great per- 
plexity, from which they were not relieved till Dr. 
Bradley, by applying himſelf to obſerve accurately 
theſe variations, at lait diſcovered the true cauſe 
thereof; and has given rules for' calculating the 
changes, and ſhewn what allowances are to be made 
in conſequence thereof, in obſervations of the ſtars. 


Vol. IV. 4. | He 
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He has alſo proved clearly, that this aberration 
of the fixed ſtars, or the motion which makes them 


appear to deſcribe ellipſes of 40 ſeconds diameter, 
ariſes from he motion of light combined with the 
annual motion of the earth. „ 
This I ſhall now endeavour to explain, and 
place in as clear a point of view as poſſible, de- 
firing you only to recolle& the idea of decompoſi- 


tion of forces into parallelograms, as explained in. 


our Lectures on Mechanics. Let E, fg. 1, pl. 15, 
be a ſtar darting a ray of light, which I ſhall conſi- 
der here as a ſingle particle going from E to B. 
Let AB be a ſmall portion of the earth's orbit, of 
20 ſeconds, for example; and CB the ſpace that the 


ray of light has paſſed through, . while the earth 


moved from A to B; thus the particle was at C 
when the earth was at A, and arrives at B the ſame 


time as the earth. Hence CB and A B expreſs 
the velocity of light and the earth during 20 ſe- 


conds. 3 | 

Draw CD parallel to AB, and finiſh the pa- 
rallelogram DBA; now according to the known 
principle of the compoſition and decompoſition of 
forces, we may conſider the velocity EB of the 
light, as reſulting from the two velocities in the 
directions CD, CA; the velocity CD being the 


fame in quantity and direction as the velocity A D: 
of the earth, cannot be perceived, is therefore de- 


ſtroyed with reſpect to us; the eye cannot ſee by a ray 
moving in the ſame direction and with the ſame ve- 


locity as the eve. So that only the part C A of the 


velocity of the light will ſubſiſt to us, and the ray will 
come to the eye in the direction C A, and we ſhall 


perceive the ſtar in the line A C, or according toBD 
which is parallel thereto; the angle C BD 1s what 
is termed the aberration ; it is the quantity that a 
ſtar appears out of it's true place, in conſequence of 


the motion of light and the earth. yy | 
. | Perhaps 
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perhaps another way of conſidering this may 


render it more clear to your apprehenſions. Sup- 
poſe a tube to be erected perpendicular to the ho- 
rizon at a time when it rains, the drops to fall in a 
perpendicular direction, and the tube to be of ſuch 


a diameter as to admit but one drop at a time; now 
it is plain that if a drop of water enter the orifice 


of the tube, it will fall down without touching the 
ſides. But if the tube be moved along, ſtill preſer- 
ving it's perpendicular direction, any drop that en- 
ters the tube will ſtrike againſt the fides, and none 


could paſs freely through while the tube is in mo- 


tion, unleſs the tube has ſuch a direction as will 


compenſate the motion. 


Thus let AB, fig. 2, pl. 15, repreſent the ho- 
rizon, CD the perpendicular tube, and GD the 
courſe of a drop of rain ; then if CD be moved to- 
wards A, while the drop is falling within the tube, 
it is evident that the inner ſurface of the tube, 
which is fituated towards B, will be carried againſt 
the drop, and prevent it's arriving at the bottom 
without touching. But if the inclined tube be 


moved with a ſimilar motion to that. of the drop 
from E to D, in the ſame time that the drop moves 


from C to D, the lower orifice of the tube and the 
drop will be found at the ſame inſtant at D, and the 
velocity of the drop will be expreſſed by CD, and 
that of the tube by E D. | 1 
The ſame reaſoning holds good, if inſtead of 
drops of rain we ſuppoſe patticles of light, and a 
teleſcope inſtead of a tube. For to an obſerver, 
who through the tube C D views the vaſtly diſtant 
obje& C, if the motion of light be inſtantaneous or 
infinitely ſwift, no finite motion of C D, it's poſition 
being unaltered, can prevent it's. being viſible; be- 
cauſe by the ſuppoſition the light which enters at 
C, will arrive at D before C D can have moved at all. 
But if light be propagated in time, and the 
' G3 ; obſerver 
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obſerver be carried by a motion ſimilar as to acce- 

. leration to that of light, the tube muſt be inclined in 
an angle, whoſe fine is to the fine of C E D, as 

the velocity of the obſerver is to the velocity of light. 
By this theory, which is eſtabliſhed by nume- 
rous obſervations of ſtars of different magnitudes 
and fituations, it appears, that the ſmall apparent 
motion which the fixed ſtars have about their real 
places, which is called their aberration, ariſes from 
the proportion which the velocity of the earth's 
motion in her orbit bears to that of light. 

This proportion is found to be as 10210 to 
I; from whence it follows, that light moves or 
is propagated from the ſun to the carth, in 8 ſe- 
conds, 12 thirds. 
This diſcovery of the aberration. of light by 

Dr. Bradley, is a direct proof of the motion of 
the earth in it's orbit. The motion of light, com- 
bined with the motion of the earth, produces an 
apparent difference in the places of the fixed ſtars; 

and as this motion is found to affect all the ſtars 
differently, according to their ſituations, it fully 


proves the truth of the cauſe upon which they 


were ſuppoſed to depend, and ſhews that the Co- 
-pernican ſyſtem 1s conformable 1 to nature and the 


order of things. 
Or THz PrecessION oF THE EQUINOXES. 


The ſtars, which compoſe the conſtellations, 
are found to increaſe their longitude continually. 
The whole ſtarry firmament appears to have a flow 
mot ion, from weſt to caſt, about the poles of the 
ecliptic, fo that the conſtellations feem to have 
deſerted the places firft appropriated to them; in- 
- :ſomuch that the firſt ſtar in the conſtellation: of 

Aries, which appeared in the vernal interſection 
of the equator and ecliptic in the time of Meton, 
. the 
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the Aiden, e of 1900. years ago, is now 
removed above 3o degrees from that point; ſo that 
Aries is now where Taurus was, Taurus where Ge- 
nini was, &c. The diſcovery of this motion is 
due to Hipparchus of Rhodes, one of the moſt 
celebrated aſtronomers of ancient times. | 

Hence the conſtellations on the zodiac of a 
celeſtial globe, do not agree in figure and character, 
the ſigns or conſtellations of the zodiac being to 
the eaſt of thoſe ſigns, or arcs of the ecliptic, 
which are called by the ſame names : for in order 
to avoid confuſion, aſtronomers thought proper to 
let the ſeveral portions of the ecliptic, where thoſe 
conſtellations were firſt obſerved to be, retain. 
their old names, conſequently the vernal equinox 
is ſtill conſidered as the firſt point of Aries. 

The ſpaces formerly occupied by the zodiacal 
conſtellations, retaining their ancient names, are 
called anaſira, or without their former ſtars ; 
whereas the ſpaces they now poſſeſs are called 
ellala. 

This flow motion of the ſtars forward, i 
really cauſed by a like ſlow motion of the . | 
noctial points backwards; and this is owing to 
the revolution of the axis of the equator abour the 
axis of the ecliptic ; the pole of the equator de- 
ſcribing in the heavens a circle avout the pole 
of the ecliptic. 

By this preceſſion of the equinoctial points 
from caſt to weſt, they meet the ſun every year, 
50 ſeconds of longitude before a complete revo- 
lution has been made. The time, in which the 
ſun appears to revolve from tropic to tropic, is 

called a fropical year; this with the time he has 
yet further to go to complete the revolution, 
namely, 50 ſeconds, is called the fiderial peur. 
Sir Iſaac Newton attributes this motion to the 
ſpheroidal figure of the earth, deducing from this 
L3 - "ngare- ” 
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figure the revolution of the poles of the world 
rand chaſe of the ecliptic. 

Ikzhis motion carries the ſtars about I degree, 
20 minutes, 23 ſeconds, in 100 years; ſo that the 
total revolution of the fixed ſtars eaſtward, back 
to the equinoctial points again, will be completed 


in 2 5972 years. 


LECTURE 
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LECTURE XLII. 


Or SOLAR AND SIDERIAL Days, or MAN Time, 
THE EQUATION OF Tims, Nc. 


HE rotation of the earth about it's axis being 
uniform, it neceſſarily follows, that the ap- 
parent -diurnal. revolution of the ſtars about the 
earth muſt be alſo uniform, that is, made in equal 
times; they therefore will form a very proper 
meaſure to denote time. But then as they turn 


ſucceſſively with a conſtant motion, one muſt be 


ſelected, by whoſe revolutions time may be mea- 
ſured ; we muſt alſo fix a term from whence to 
commence our reckoning. |, | 

The n being the moſt conſpicuous object, 
was fixed upon by the aſtronomers of early ages, 


as the moſt proper meaſure for the parts of time. 


But when more accurate obſervations were made,. 


the ſun's motion was found not to be uniform, and 
conſequently the time meaſured thereby would be 


neither regular nor equal; they were therefore 
obliged to find out a mean or regular time for the 
baſis of their calculations. 


An aſtronomical or ſolar day is divided into 


24 hours, reckoning them in numeral ſucceſſion, 


from 1 to 24. The firſt twelve hours are ſome- 
times diſtinguiſhed by the mark P M for after- 


noon, the other twelve are diſtinguiſhed by A M 


for before noon. Aſtronomers generally reckon 
through the 24 hours from noon to noon ; and what 


is by the common way of reckonig called morning 


4 _ hours, 
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hours, is by them reckoned in ſucceſſion from 


noon to midnight. Thus 5 o'clock in the morn. 


ing of April the 1oth, is by aſtronomers: called 
April 9, 17 hours. 

If the ſun had no other apparent motion but 
that of it's diurnal revolution, it would every day 
deſcribe the ſame parallel, and be accompanied by 
the ſame ſtars. But it has alſo an apparent annual 
motion, by which it ſeems to be carried through 
the zodiac every year, from weſt to eaſt, that is, in 
a direction contrary to that of it's diurnal revolu- 
tion. 

Hence, if on any Joy the ſun and a ſtar paſs the 


meridian at the ſame inſtant, on the next day 
when the ſtar returns to the meridian, the ſun will 


have departed towards the weſt, as much ſpace as 
in that interval it has paſſed over by it's annual 
motion, and will therefore arrive at the meridian 
ſome moments after the ſtar; the day following it 


will be {till later, ſo that at the end of ſix months, 
it paſſes 12 hours after the ſtar, which has therefore 


gained 12 hours on the ſun; and at the end of the 
year, the ſtar will have paſſed 366 times over the 


meridian, where the fun has T paſſed 365 


times. | 
In this view- we have tered the ſun's 


apparent motion; the reſult is the ſame, if you 
conſider the earth's real motion. If indeed the 
earth had zo real motion, and conſequently the ſun 
no apparent motion, the length of a natural day 
would be about 23 hours 56 minutes, for in that 
time a revolution of the earth is completed, as 
appears by an eaſy obſervation; for any fixed ſtar 
that is on the meridian at a given hour of night, 
will after 23 hours 56 minutes, be on the meridian 
again the night following. This interval of time 
is called a ſiderial day. 


Thus 
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Thus you ſee that there is a diſtinction be- 
tween a ſolar day and a ſiderial day. 

A ſolar or aſt ronomical day is the ſpace of time 
that intervenes between the ſun's departing from 
any one meridian, and it's return to the ſame again. 
The /iderial day i is the ſpace of time that elapſes 
between the departure of a ſtar from a given me- 
ridian, and it's return'to the ſame again. 

I ſhall now endeavour to ſhew you, why theſe 
days differ in length; that is, why the ſun takes 
up more time to complete one revolution than a 
{tar, 

This difference ariſes. frm: the un'. 3 
motion. The ſun does not continue always in the 
ſame place in the heaven, as the fixed ſtars do: 
but if it is ſeen at M, fg. 2, pl. 4, one day, near 
the fixed ſtar R, it will have ſhifted it's place the 
next day, and will be near to ſome other fixed ſtar 
L. This motion of the ſun is from weſt to eaſt, 
and one entire revolution is completed in a year. 
Suppoſe, therefore, that the ſun, when it is at M, 
near to the fixed ſtar R, appears in the ſouth of 
any particular place S; and then imagine the 
earth to turn once round upon it's axis from weſt 
to eaſt, or in the direction S T VW, ſo that the 
place may be returned to the ſame ſituation; after 
this rotation is completed, the ſtar R will be in 
the ſouth of the place as before; but the ſun hav- 
ing, in the mean time, moved eaſtwards, and be- 
ing near to the ſtar L, or to the eaſt of R, will not 
be in the ſouth of the place S, but to the eaſtward 
of it: upon this account, the place S muſt move 
on a little farther, and muſt come to T before it 
will be even with the ſun again, or before the ſun 
will appear exactly in the ſouth. | 

This may be illuſtrated by an inſtance. The 


two hands of a watch are cloſe together, or even 
| . 0 with 
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with one another at twelve ; they both turn round 
the ſame way, but the minute hand turns. round 
in a ſhorter time than the hour hand; when the 
minute hand has completed one rotation, and is 
come round to twelve, the hour hand will be 
before it, or will be at one; ſo that the minute 
hand muſt move more than once round, in order 


to overtake the hour hand, and be even with it 


in. 

As this ſubject is of ſome i importance, we ſhall 

endeavour to render it more clear, by placing it in 
a different point of view. 

The diameter of the earth's orbit is but a phy- 

ſical point, in proportion to the diſtance of the 

ſtars ; for which reaſon, and the earth's uniform 


motion on 1t's axis, any given meridian will re- 


volve from any ſtar to the ſame ſtar again, in every 
abſolute turn of the earth upon it's axis, without 
the leaſt perceptible difference of time being ſhewn 
by a clock which goes exactly true. 

If the earth had only a diurnal, without an 
annual motion, any given meridian would revolve 
from the ſun to the ſun again, -in the ſame quan- 
tity of time as from any ſtar to the ſame ſtar 
again ; becauſe the ſun would never change his 
place, with reſpect to the ſtars. But as the earth 
advances almoſt a degree eaſtward in it's orbit, in 
the time that it turns eaſtward -round it's axis, 
whatever ftar paſſes over the meridian on any day 


with the ſun, will paſs over the ſame meridian on 


the next day, when the ſun is almoſt a degree 
ſhort of it, that is, 3 min. 56 ſeconds ſooner. If 
the year contained only 360 days, the ſun's ap- 


parent. place, ſo far as his motion is equable, 


would change a degree every day, and then the 
ſiderial days would be juſt four minutes ſhorter 


Let ABCDEFGH, fe. 3, pl. 4, be the 
benin 
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carth's orbit, in which it goes round the ſun every 
year, according to the order of the letters, that is, 
from weſt to eaſt, and turns round it's axis the 
ſame way, from the ſun to the ſun again, in every 
twenty-four hours. Let S be the ſun, and R a 
fixed ſtar, at ſuch an immenſe diſtance, that the 
diameter G C of the earth's orbit bears no ſenſible 
proportion to that diſtance; N mn the earth in 
different points of it's orbit. Let Nm be any 
particular meridian of the earth, and N, a given 
point, or place, lying under that meridian. 
When the earth is at A, the ſun S hides the 
ſtar R, which would always be hid if the earth 
never moved from A; and conſequently as the 
earth turns round it's axis, the point N would al- 
ways come round to the ſun and the ſtar at the 
ſame time. | | . 

But when the earth has advanced through an 
eighth part of it's orbit, or from A to B, it's mo- 
tion round it's axis will bring the point N an 
eighth part of a day, or three hours, ſooner to the 
ſtar than to the ſun. For the ſtar will come to 
the meridian in the ſame time as though the earth 
had continued in it's former fituation at A, but 
the point N muſt revolve from N to n, before it 
can have the ſun upon it's meridian. The arc 
N n being therefore the ſame part of a whole cir- 
cle, as the arc AB, it is plain that any ſtar which 
comes to the meridian at noon, - with the ſun, when 
the earth is at A, will come to it at nine o'clock 
in the forenoon, when the earth is at 3. 


When the earth has paſſed from A to C, one- 
fourth part of it's orbit, the point N will have the 
ſtar upon it's meridian, or at fix in the morning, 
fix hours ſooner than it comes round to the ſun; 
but the point N muſt revolve fix hours more, be- 
fore it has mid-day by the ſun : for now the an- 
gle ASSisa right angle, and ſo is NC n; that is, 
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the earth has advanced 9o degrees on it's axis, to 
carry the point N from the ſtar to the ſun; for 
the ſtar always comes to the meridian when Nm 
is parallel to RSA; becaufe D S is but a point 


in reſpect to R S. When the earth is at D, the 


tar comes to the meridian at three in the morn- 
ing, at E, the earth having gone half round it's 
orbit; N points to the ſtar at midnight, it being 
then direeily oppofite to the ſun; and, therefore, 
by the earth's diurnal motion, the ſtar comes to 
the meridian twelve hours before the ſun, and then 
goes on, till at A it comes to the meridian with 
the ſun again. 

Thus it 1s plain, that one abſolute revolution 
of the earth on it's axis which is always corp'c- 
red when any particular ſtar comes to be parallel 
to it's ſituation at any time of the day before) ne- 
ver brings the fame meridian round from the ſun 
ro the ſun again; but that the earth requires as 
much more than one turn on it's axis, to finiſh a 
natural day, as it has gone forward in that time, 
which, at a mean ſtate, is a 365th part of a 
circle, that is, c9 minutes, $ ſeconds; for as 36; 
days are to I day, ſo are 360 degrees to 59 minutes 
8 feconds. Hence, in 365 days the earth turns 366 
times round it's axis, and conſequently, as one re- 
volution of the earth on it's axis completes a 
fiderial day, there muſt be one more ſiderial day 


: in a year than there are ſolar days, 


Or Max AND APPARENT TIME. 


Further and more accurate obſervations 


| ſhewed, that the ſolar days were not equal to each 


other ; after inveſtigating this ſubject, aſtronomers 
were under the neceſſity of diſtinguiſhing two ſorts 
of time, one they called true and apparent line, 
the other mean lime. 

True 
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Tr rue and apparent time is determined by the 
interval between the ſun's center paſſing the meri- 


dian, and that of his next return to the ſame 
meridian. It is that ſhewn by a /un-dial, which 


marks the hours every day in ſuch a manner, that 
every hour is a 24th part of the time, between the 
noon of that day, and the noon of the day imme- 


diately following. 


Mean time is that ſhewn by a clock, which 


goes uniformly. 
The time ſhewn by. a ſun-dial, and the mean 


time, or that hewn by a well regulated clock, 


agree only four times in the year, on the I «th 


of April, the 16th of June, the A of Auguſt, and 
the 24th of December. 


The clock, if it goes equably and true all the 


year round, will be before the ſun from the 24th 
of December to the 1 ;th of April; from that 
time to the 16th of June, the /un will be before the 
clock; from thence to the 31ſt of Auguſt, the clock 


will be again before the ſun, and from the 31ſt of 


Auguſt to the 24th of December, the ſun will be 
faſter than the clock. On any other day, if you 


would ſet a clock by a ſun-dial, you muſt make 


uſe of an equatzion table, which ſhews, for every day 
in the year, how many minutes or ſeconds the ſun 


is before or behind the clock; the difference be- 


tween the ſun and the clock is called the equation 
of time. 

Both the ſolar and mean day are divided into 
24 hours, or 86400 ſeconds. 

Three hundred and ixty degrees of the equator 
paſs under the meridian in a mean day more 59 
minutes, 8 ſeconds, which is that part of 360 de- 
grees of,. the ſun's annual motion correſponding to 
the time of a mean day. 
In a ſolar or true day, the 360 degrees of the 
equator paſs under the meridian more an arc 

thereof 
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thereof anſwering to the ecliptic arc deſcribed 
the ſame day, called the ſun's motion in right 


aſcenſion. 
When the ſun is furtheſt from the earth, or 


in apogee, his motion in right aſcenſion in a day, 


is 1 degree, 2 minutes, 6 ſeconds; therefore 361 


degrees, 2 minutes, 6 ſeconds, paſs the meridian 
in a ſolar day. By working this proportion, as 360 
degrees, 59 minutes, 8 ſeconds, is to 24 hours, fo 
is 361 degrees, 2 minutes, 6 ſeconds, we find 24 
degrees, o minutes, 12 ſeconds. Conſequently when 
the ſun is in apogee, the ſolar day is 12 ſeconds 
longer than the mean day. From hence it follows: 
1. That in every ſecond of a clock well re- 
gulated to mean time, an arc of 15 minutes 28 
feconds of the equator paſſes the meridian ; for this 
is the quotient of 360 degrees, 59 minutes, 8 
ſeconds, divided by 86400 ſeconds. | 
2. That a ſtar's revolution anſwers to 360 
degrees of the equator, while the mean day an- 
ſwers to 360 degrees, 59 minutes, 8 ſeconds. This 
difference of 59 minutes, 8 ſeconds, being re- 
duced to time, gives 3 minutes, 56 ſeconds. There- 
fore the ſtars anticipate 3 minutes, 56 ſeconds, 
every day on mean time; or, which is the ſame, 2 


ſtar's diurnal revolution is made in 23 hours, 56 


minutes, 4 ſeconds. 
3. To find whether a clock be well regulated 


to mean time, obſerve if it ſhew exactly 23 hours, 


56 minutes, 4 ſeconds, from the inſtant of any 


ſtar's paſſage through a fixed point, to that of it's 


return to the fame point. By what the clock ex- 


ceeds this, it is faſter, by what it wants thereof; 


It 1s flower than mean time. 


| by was: EQuaTION or TI ME. 


| IT have already obſerved to you, that the u. 


tion 
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tion of time is the difference between mean and 
apparent time, or that pointed out by a good 
- clock and a ſun- dial. 5 

You will ſoon perceive, that there would have- 
been no difference, and conſequently no need for” 
any equation, 1ſt, if the earth's orbit was a 
fect circle. with the ſun at the center; 2dly, if thaw 
earth had moved through an equal part or Portion 
of that circle every day; and 3dly, if the axis of 
her diurnal motion was always perpendicular to 
the plane of her orbit. But neither of the 
foregoing ſuppoſitions is true; for, 1. the orbit 
of the earth is an ellip/e; 2. her motion there- 
in is not equal; and 3. her axis is inclined to the 
plane of her orbit: the meaſure of time therefore, 
as far as it depends on theſe circumſtances, muſt 
be unequal, and ſubject to an equation. 

The equation of time may then be conſidered 
as ariſing, I. _ the obliquity of the ecliptic to 
the equator; from the unequal progreſſion” 
of the earth engt her elliptic orbit. 


of the firft cauſe of inequality, or that ariſing. 
From the obliquity of the earth to the ecliptic. 


The motion of the earth on it's axis is perfectly 
equable, or always at the ſame rate; and rhe plane - 
of the, equator being perpendicular to it's axis, it 
is evident, that in equal times, equal portions of 
the equator would paſs over the meridian ; and ſo 
alſo would equal portions of the ecliptic, if it 
were either parallel to, of coincident with the 
equator. 

But as the ecliptic is 0 to the : equator, 
the eguable motion of the earth carries unequal por- 
lions of the ecliptic over the meridian in equal 
times, the difference being proportionate to the 
obliquity ; and as ſome parts of the ecliptic are 
more oblique than others, thoſe differences are 
* * themſelves. If, therefore, we ſhould 

| _ ſuppoſe 
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ſuppoſe-two ſuns to ſtart from the beginning elther 
of Aries or Libra,. and continue to move through 
equal arcs in equal times, one in the equator, the 
other in the ecliptic, the equatorial ſun would al- 
ways return to the meridian in 24 hours time as 
meaſured by. a good clock, but the ſun in the 
ecliptic would-return to the meridian ſometimes 
ſooner, fometimes later, than the equatorial ſun, 
and only the fame inſtant. with him four days in 
the wear, 04s, £75 
+ © Fo render this plan we will have recourſe 
to a diagram, fig. 4, Pl. 4. This figure is to be 
conſidered as a view of part of the concave ſphere 
of the heaven, wherein D E repreſents = part of 
the celeſtial equator, F G a part of the ecliptic, 
A the interſection of the two circles at the vernal 
equinox, A Ba degree upon the equator. If we ima- 
gine the plane of the meridian to paſs from the 
fituation M M, into the fituation N N, in going 
through the arc A B, one degree of the equator, 
it will alſo go through the arc A C more than one 
degree of the ecliptic. For in the triangle A B C, 
the angle at B is a right one, conſequently the 
hy pothenuſe A C is the longeſt ſide. 


Ar the /o/ffices the obliquity of the ecliptic 


has a contrary effect, and helps to lengthen the 
natural days: this will be eaſily comprehended by 
viewing the dragram, fig. 5, pl. 4, where T T is 
part of the tropic of Capricorn, C D part of the 
ecliptic, which may be conſidered as coincident 
with the tropic for ſome diſtance on each fide of 
the ſolſtitial point, as from A to B; and there- 
fore meridians, which are perpendicular to the 
tropics, may be conſidered for that. ſpace as per- 
pendicular to the ecliptic. This being ſuppoſed, a 
meridian, in going from A towards B, will go 
through as large an arc in the tropic as the echp- 
tic : but, ED not _— a "IRE circle, any 
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arc, as a b, taken in both theſe circles, will meaſure 
more minutes in the tropic than in the ecliptic, 
and that in the ratio as the ecliptic exceeds the 
tropic in dimenſions: now the circumference of 
the ecliptic is to that of the tropic, nearly as 60 
to 55; and therefore the arc a b, of 55 minutes 
in the ecliptic, will be 60 minutes in the tropic. 
But every meridian paſſes in the ſame time through 
ſimilar arcs in the celeſtial equator, and all cir- 
cles parallel to the equator, as the tropic's arc : 
conſequently at the ſolſtices every arc of the 
ecliptic paſſed through by any meridian in a 
given time, will be to the arc of the equator paſ- 
ſed through in the ſame. time, as 55 to 60. _ 
The ſecond cauſe of the difference in the time 
ſhewn by a well regulated clock, and a true ſun- 
dial, ariſes from the inequality of the ſun's appa- 
rent motion, which is /oweſt in /ummer, when the 
ſun is fartheſt from the earth, and ſwifte}t in the wine 
ter, when he is neareſt thereto; whereas the earth's 
motion on it's axis is equable all the year round. 
I the ſun's apparent motion in the ecliptic 
were. equable, the 'whole difference between the 
equal time as ſhewn by the clock, and the unequal 
time as ſhewn by the ſun; would ariſe from the ob- 
liquity of the ' ecliptic. But this is not the caſe, 
for the ſun's motion ſometimes exceeds a degree in 
24 hours, though it is generally leſs. And when 
his motion is ſloweſt, any particular meridian will 
return and revolve ſooner to him than when his mo- 
tion is quickeſt, for it will overtake him in leſs 
time when he advances through a leſs ſpace, than 
when he moves through a larger. N 
On the firſt of January, the daily motion of 
the ſun in the ecliptic is nearly 1 degree, 1 minute, 
13 ſeconds ; but on the firſt of July, the daily mo- 
tion is 57 minutes, 13 ſeconds; the medium of theſe 
18 59 minutes, 13 ſeconds, The ſun's place in the 
Vor. IV. M e ecliptic 
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ecliptic, calculated on the ſuppoſition of a daily 
motion of 59 minutes, 13 ſeconds, will. be behind 
his obſerved place from the beginning of January 
to the beginning of July, and will be before it from 
the beginning of July to the beginning of January; 
the greateſt Tifference is about 1 degree, 55 mi- 
nutes, 32 ſeconds, which 1s obſerved about the he. 
ginning of April and October, at which time the 
obſerved daily motion is 59 minutes, 13 ſeconds, 

It is neceſſary for an aſtronomer to know both 
true and mean time; the firſt, to aſcertain the time 
of obſervation; the ſecond, becauſe the tables of 
the planets, - &c. are calculated in conformity 
thereto. _ „ 
Ihe relation between true and mean time, is 
diſcovered by obferving the time marked by your 
clock, at the inſtant when the center of the ſun 
paſſes the meridian, and adding what it wants of 
12 hours, or ſubtracting the exceſs above it. 

It is obtained for any other hour beſides 12, 
by taking from the difference between the time it 
has paſſed on two ſubſequent days, the part propor- 
tional to the hour you are ſeeking.” 0" " _ 
| Example: March 3, when the ſun's center 
paſſed the meridian, the clock was 12 hours, 17 
minutes, 49 ſeconds; the clock was therefore 1) 
minutes, 49 ſeconds, faſter than true or apparent 
time. | 1 
On the 4th of March, it was 12 hours, 17 mi- 
nutes, 424 ſeconds ; the difference is 64 ſeconds, or 
about + of a ſecond per hour. Now on the 3rd, 
the planet Mars paſſed the meridian at 14 hours, 27 
minutes, 32 ſeconds ; the pendulum was 34 ſeconds 
more advanced than at noon, which gives it's ad- 
vance for that hour, 17 minutes, 45+ ſeconds, 
which ſubtracted from 14 hours, 27 minutes, 32 ſe- 
conds, gives 14 hours, 9 minutes, 46+ ſeconds, for 
the true or apparent time of the tranſit of __ 
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From what J have now explained to you, it 
| appears that there is no body in nature, whoſe mo- 


tion is perfectly uniform and regular; that when- 
ever we look for commenſurabilities and equalities in 
nature, we are always diſappointed. The earth is 
ſpherical, but not perfectly ſo; the ſummer is un- 


equal when compared with the winter; the ecliptic 


diſagrees with the equator, and never cuts it twice 
in the ſame equinoctial point; the orbit of the 
earth has an eccentricity, more than double in 
proportion to the ſpheroidity of it's globe; no 
number of the revolutions of the moon coincide 


with any number of the revolutions of the earth in 


it's orbit; no two of the planets meaſure one ano- 
ther; and thus it is wherever we turn our thoughts, 
ſo different are the views of the cREaToR from 
our narrow conception of things; where we look 
for commenſuration, we find variety and infinity.* 

It is ſcarce poſſible to refrain here from join- 
ing with an elegant moraliſt in obſerving, that all 
the appearances of nature uniformly conſpire to 
remind us of the lapſe of time, and the flux of life. 
The day and night ſucceed each other, the rotation 
of the ſeaſons diverſi fies the year, the ſun attains 
the meridian, declines and ſets, and the moon every 


night changes! it's form. 


The day may be conſidered as an image of the 
year, and a year as the repreſentation of life. The 
morning anſwers to the ſpring, and the ſpring to 
childhood and youth; the noon correſponds to the 
ſummer, and the ſummer to the ſtrength of man 
hood; the evening is an emblem of autumn, and 
autumn of declining life. The night, with it's ſi- 


lence and darkneſs, ſhews the wanker. in which all 


the powers of vegetation are benumbed; and the 
M 2 winter 


* Jones's Phyfiological Diſquiſtions. 
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winter points out the time when life ſhall ceaſe, 
with it's hopes and pleaſures. 
He that is carried forward, however ſwiftly, 
by a motion equable and eaſy, perceives not the 
change of place, but by the variation of objects. 
If the wheel of life, which rolls thus ſilently along, 
paſſed on through undiſtinguiſhable uniformity, we 
ſhould never mark it's approaches to the end of 
the courſe. If one hour were like another ; if the 
paſſages of the ſun did not ſhew it's waſting ; if 
the change of ſeaſons did not impreſs upon us the 
flight of the year; quantities of duration, equal to 
days and years, would glide away unobſerved. If 
the parts of time were not variouſly coloured, we 
| ſhould never diſcern their departure or ſucceſſion ; 
but ſhould live thoughtleſs of the paſt, and careleſs 
of the future, without will, and perhaps without 
power, to compare the time which is already loſt, 
with that which may probably remain. 


LECTURE 


( 165 


LECTURE XLII. 


Ox THz PLANETARIUM, TELLURIAN, AND 
LUNARIUM. | 


3 repreſent by machines the motions and va- 
| rious aſpects of the heavenly bodies, the 
_ paralleliſm of the earth's axis, together with 
it's annual and diurnal motions, and by this means 
to explain the beautiful variety of ſeaſons and 
other terreſtrial and celeſtial phenomena, has ever 
been confidered as one of the nobleſt efforts of 
mechanical genius. ' Among the variety of ma- 
chines contrived for theſe purpoſes, that before 
you (fig. 1, pl. 11,) is the beſt adapted for repre- 
ſenting the celeſtial motions. | 
It ſeems highly probable, that the ancients 
were not unacquainted with planetary machines, 
but that the ſame powers of genius which led 


them to contemplate and reaſon upon the heavenly 


bodies, induced them to realize their ideas, and 
form inſtruments for explaining them; and we may 
fairly preſume, theſe were carried to no ſmall de- 
gree of perfection, when we conſider that of one 
Archimedes was the maker, and Cicero the en- 


comieſt. 


as a diametrical ſection of our univerſe, in which 
the upper and lower hemiſpheres are ſuppreſſed. 


The upper plate is to anſwer for the ecliptic, 


on this are placed, in two oppoſite, but corre- 
ſponding circles, the days of the month, and the 
M 3 ſigns 


A planetarium may be conſidered in ſome ſort 
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ſigns of the ecliptic, with their reſpective cha- 
racters; by this plate you may ſet the planetary 
balls ſo as to be in their reſpective places in the 
ecliptic, for any day in the year. 

Through the center of this plate, you ob- 
ſerve a ſtrong ſtem, on which is a braſs ball to re- 
preſent the /un ; round the ſtem are different ſoc. 
kets to carry the arms, by which the ſeveral planets 
are ſupported. The planets are repreſented by 
ivory balls, having the hemiſphere which is next 
the ſun white, the other black, to exhibit their 
reſpective phaſes. I can with eaſe either take off, 
or put on, any of the planets, as occaſion may re- 
quire. About the primary planets are placed the 
ſecondary planets or moons, which are in this in- 
ſtrument only moveable by the hand. 

I turn the handle, and all the planets are pur 
in motion, moving round that ball which repre- 
ſents the ſun. Now if you take the earth's motion 
as a ſtandard, they move with the ſame relative 
velocities and periodical times that they have in 
the heavens. | ſcarcely need obſerve, that it is 
impoſſible to give an idea of the proportion and 
diſtances of the planets in the compals of an in- 
ſtrument ſo ſmall as that before you, or indeed of 
any inſtrument whatſoever. 

The motions are carried on by a train of 
wheel-work concealed in the box under the eclip- 
tic. | 


GENERAL EXPLANATION OF. THE SOLAR SYSTEM, 
BY THE PLANETARIUM. 


- 


As the center of the ſolar ſyſtem is the only 
place from which the motion of the planets can 
be truly ſeen, let us ſuppoſe ourſelves ſituated at 
the center of the ball repreſenting the ſun. In this 


ſituation the heavens would appear perfectly ei, 
ca 


a nos tans. 
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cal, the ſtars being ſo many lucid points in the 


concave ſurface of the ſphere. 

Having attentively conſidered the ſtars for a 
long time, you will remark two ſorts, the one ſcat- 
tered throughout the heavens unequally luminous, 
perfectly at reſt, and therefore called fixed flars ; 
the other ſort moving round the ſun with unequal 
velocities, called planets. By taking one of the 
fixed ſtars for a point to ſet out from, or for 
this purpoſe in our inſtrument, uſing any of the 
points into which the ecliptic is divided, it will 
be eaſy to determine the motions of the planets. 
Thus by obſerving the earth as I turn the 
winch, you may perceive that it continually ap- 


proaches nearer and nearer to the more eaſtern 


figns ; in a certain ſpace of time, it will return to 
the place from whence it ſet out. 


Thus you ſee how readily the periods of the 


planets revolutions may be obtained, by obſerving 


the time that elapſes between their ſetting out 


from any fixed point, and returning to the fame 
again. The annual motion of the earth is the 
baſis or ſtandard, to which the motions of the other 
planets are compared; and this is one of the rea- 
ſons, why the months and days of our months are 
engraved on the ecliptic circle of the planeta- 
rium. 

The curves which the planet deſcribe in their 
revolutions, are what are called their orb77s. d 

If the paths of the planets were in one place, 
as in this inſtrument, they would all be referred to 
one circle in the heavens; but this is not the caſe, 
for their paths croſs each other in different parts 
of the heavens. 

When you conſider the motions of the little 
ſyſtem before you, while you are ſuppoſed to view 


it from the ſun, all is regular; but when you view - 


it from the earth, many of the appearances become 
"M4 7 intricate 
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intricate and perplexed. When the works of Gon 
are examincd from a proper point, there is nothing 
but uniformily, beauty, and preciſion, and the hea. 
vens preſent you with a plan inexpreſſibly mag. 
nificent, and yet regular beyond the power of in- 
vention. 1 properly examined and looked 
into, you will always find the volume of the uni- 
verſe as perfect as it's author, containing mines of 
truth for ever opening, fountains of good for ever 
flowing, being an endleſs ſucceſſion of brighter 
and ſtill brighter exhibitions of the glorious god. 
head, always anſwering the nature and idea of in- 
finite fulneſs and perfection. 4 . 

In the center of the ſyſtem is the /un, placed 
jn the heavens by that Almighty Power who ſaid, 
« Let there be light, and there was light,” 
to be the fountain of light and heat to all the 
planets revolving round him. In this machine, 
his ſituation is pointed out by this braſs ball. 

The neareſt planet to the ſun is Mercury; 
obſerve the part of the ecliptic he is at, and 
alſo the place where the earth is ſituated. I now 
turn the handle, Mercury is arrived at the place 
from whence he ſet out, and our earth has gone 
over 88 days of the ecliptic ; the velocity we here 
give the planet is inconſiderable, but in his courſe 
1n the heavens he is ſuppoſed to move with a ve- 
locity equal to 100,000 miles in an hour. 

Menus is the next planet in the ſyſtem ; in the 
heavens ſhe 1s diſtinguiſhed by the ſuperiority of 
her Juſtre, appearing to us the brighteſt and largeſt 


of all the planets. By obſerving her courſe through 


the ecliptic, and comparing it with the days paſſed 
over by theearth at the ſame time, you will find in 


our inſtrument, Venus revolving round the ſun in 


225 days; in the heavens ſhe moves at the rate of 
80,955 miles in an hour. . 


The third planet in the ſolar ſyſtem is the 


Earth ; 
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Farth ; diminutive as it appears before you in this 
inſtrument, it's real diameter is near 8000 miles; 
it revolves round the ſun in the ſpace of 365 days, 
into which number the brazen ecliptic is divided; 
this revolution conſtitutes our year, while it's 
revolution round it's axis forms day and night. 
Ihe little ball cloſe and annexed to the earth, 
repreſents the Moon, of which I ſhall fay nothing 
at preſent, as there is a part of the inſtrument for 

explaining more particularly her phenomena. 
The planet Mars is next in order, being the 
firſt above the earth's orbit ; he revolves round the 
ſun in about 686 days; ſo that our earth, as you will 
obſerve by the inſtrument, goes nearly twice round, 
while he is performing his revolution; he is ſup- 
poſed to moveat the rate of 55,783 miles an hour. 
To this planet our earth and moon will appear like 
two moons, ſometimes half or three quarters illu- 

minated, but never full. | 6 

Jupiler, the largeſt of all the planets, is next 
beyond Mars; and our earth muſt have gone 
nearly 12 times round the ecliptic for one revo- 
Jution of Jupiter; yet ſo far is it's path removed 
from the ſun, that to go round it in this ſpace of 
time, it moves at the rate of 30,193 miles an hour. 
Though larger than the earth, it appears but ſmall 
in the heavens, becauſe, as you know, objects de- 
creaſe in their apparent magnitude in proportion 
to their real diſtance. It is attended with 4 ſatel- 
lites, here repreſented by theſe 4 balls; they are 
inviſible to the naked eye, but appear beautiful 

through a teleſcope. 
Saturn, the next planet, is ſtill higher in the 
ſyſtem, performing it's circuit in about thirty 
years of our time; ſo that in this inſtrument it's 
motion 1s ſcarcely ſenſible, - while in the heavens 
It goes at the rate of 22,298 miles an hour. It is 
accompanied by five ſatellites, and a large lumi- 
| nous, 
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nous ring, here repreſented by this ivory circle, 
and which is one of the moſt curious phenomena of 
nature. 5 | 1 
The Georgium Sidus, or Georgian planet, fo 
called in compliment to his Majeſty King George 
the III. (the Royal patron and promoter of the 
arts and ſciences) is the ſeventh planet in our 
ſyſtem; it is near twice the diſtance of Saturn 
from the ſun, round which it revolves in about 
80 years. | | 


To explain, by the planetarium, why the ſun, being 
a fixed body, appears to paſs through all the ſigns 
of the zodiac in twelve months, or one year. 
It will ſhew that this phenomenon is occaſioned by 
the annual motion of the earth. 


As the general phenomena of the planetary 
fyſtem will be the beſt underſtood by an induction 
of particulars, I ſhall remove all the planets but 
thoſe whoſe motion I am going to explain; for 
inſtance, I ſhall leave only the earth and ſun, and 

lace the earth over Libra, and it is plain that 
the ſun will then be transferred by the eye of a 
ſpectator on the earth to Aries, in which fign it 
will appear at the latter end of March: move the 
earth on in it's orbit to Capricornus, and the ſun 
will appear at Cancer in June, ſeeming to have 
moved from Y to S, though it has not ſtirred, the 
real motion of the earth having cauſed the ſpecta- 
tor to transfer the ſun to all the intermediate points 
in the heavens, and thus given it an apparent mo- 
tion. Continue to move the earth till it arrives at 
Aries, and the ſun will be ſeen in Libra in the 
month of September : moving the earth on to 
Cancer, the viſual ray of the ſpectator refers the 
| ſun to Capricorn, as it appears in the month of 

Pecember. Laſtly, continue moving the mm 
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and it will arrive at Aries, where we ſet out. 2 | 
I have ſhewn, that it is the motion of the earth 
which cauſes the ſun to appear in all the different 
ſigns of the zodiac. Cuſtom, indeed, has taught 
us to ſay the ſun is in Aries, when it is between us 
and Aries, and ſo of any other ſign ; whereas it 
would have been more proper to ſay, that the 
earth is in Libra. | 


To ſhew why at different times of the year we ſee 
the heavens decorated with an entire different 
collection of ftars. 


This phenomenon is occaſioned by the earth's 
progreſſive or annual motion: while the earth is 
traverſing it's courſe under the vaſt concave of 
fixed ſtars, we are gradually carried under the dif- 
ferent conſtellations. From hence 1t is evident, 
that at night when the earth is turned from the 
ſun, we ſhall in ſucceſſion have the opportunity of 
viewing from time to time all the ſtars in the zo- 
diac, and conſequently a different conſtellation 
will preſent itſelf every month. | 

Thus, the Pleiades are not viſible in the ſum- 
mer; but in the winter the earth is got between 
the ſun and them. Theſe ſtars are obſervable at 
night, becauſe they are not intercepted from our 
fight by the ſun's rays; and in this manner they 
appear during the whole winter, only they ſeem to 
get more weſterly every night, as the earth moves 
gradually by them to the eaſt. To make this ſtill 
more clear, place the earth in the planetarium 
between the ſun and any of the ſigns, that ſide 
towards the ſun will be day, and that towards the 
ſign night: it follows, that at night we are turned 
towards the ſtars, which in that fign (ſuppoſe, as 
before, the Pleiades in Taurus) will then be con- 
picuous to us; but as the ſpring approaches, me 
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earth withdraws itſelf from between the ſun and 

the Pleiades, till at length the earth, by it's pro- 
greſſi ve motion, gets the ſun between it and the 
ſtars, which then lie hid behind the ſolar rays: 
after the ſame manner, while the earth performs 
it's annual tract, the ſun, which always ſeems to 
move the contrary way, darkens, by his ſplendor, 
the other conſtellations, ſucceſſively; but the ſtars 
oppoſite to thoſe hid by the ſun, are at EDEN pre- 
ſented to our view. 


Gx RAI. PHENOMENA OF THE PLANETS. 


I ſhall now place the earth, Mars, and Venus, 
on the planetarium, and as each planet moves 
with a different degree of velocity, they are con- 
tinually changing their relative poſitions. Thus 
on turning the handle of the machine, you find, iſt, 
that the earth moves twice as faſt as Mars, mak- 
ing two revolutions while he makes one; and Ve- 
nus, on the other hand, moves much faſter than 
the earth. Secondly, that in each revolution of 
the earth theſe planets continually change their 
relative poſitions, correſponding ſometimes with 
the ſame point of the ecliptic, but much oftener 

with different points. | 


To explain the conjunfion, oppoſition, elongaticn, 
and waged Phenomena of the inferior planets. 


We may now piebecd to make ſome obfer- 
vations on the motions of Venus, as obſerved in 
the planetarium. If conſidered as viewed from 
the ſun, we ſhall find that Venus would appear 
at one time nearer to the earth than at another; 


that ſometimes ſhe would appear in the ſame por 
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of the heavens, and at others in oppoſite parts 
thereof. HER | 

As the planets, when ſeen from the ſun, 
change their poſition with reſpect to the earth, 
ſo do they alſo, when ſeen from the earth, change 
their poſition with reſpect to the ſun, being ſome- 
times nearer to, at others farther from, and at 
times in conjunction with him, e 

But the conjunctions of Venus or Mercury, 
ſeen from the earth, not only happen when they 
are ſeen together from the ſun, but alſo when 
they appear to be in oppoſition to the ſolar ſpec- 


tator. To illuſtrate this, bring the earth and Ve- 


nus to the firſt point of Capricon; then by ap- 
plying a ſtring from the ſun over Venus and the 
earth, you will find them to be in conjunction, 
or on the ſame point of the ecliptic. | 

Whereas if you turn the handle till the ſun is 
between Venus and the earth, a ſpectator in the 


ſun will ſee Venus and the earth in oppoſition; - 


but an inhabitant of the earth will ſee Venus not 
* oppoſition to the ſun, but in conjunction with 
im. | 
In the firſt conjunction Venus is between the 
ſun and earth; this is called the inferior conjunc- 
tion. In the ſecond, the ſun is ſituated between 
the earth and Venus; this is called the ſuperior 
conjunction. ER Er ER 

After either of theſe conjunctions, Venus will 
be ſeen to recede daily from the ſun, but never 
departing beyond certain bounds, never appear- 
ing oppoſite. to the ſun; and when ſhe is ſeen at 
the greateſt diſtance from him, a line joining 
her center with the center of the earth, will be 
a I to the orbit of Venus. 

o illuſtrate this, I take off the ſun from it's 
ſupport, and the ball of Venus from it's ſupport- 
ing ſtem, and place this wire, (fig. 2, pl. 11,) ſo 

| that 
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that one part P may be on the ſtem that ſupports 
the earth, and a ſimilar ſocket (/ig. 3,) on the pin 
which ſupports the ball of Venus; the wire (F) is 
to lie in a notch at the top of the ſocket, which 
has been put upon the ſupporting ſtem of Venus: 
then will the wire repreſent a viſual ray going 
from an inhabitant of the earth to Venus. By 
turning the handle, you will now find that the 
planet never departs further than certain limits 
from the ſun, which are called it's greateſt elon- 
tions, when the wire becomes a tangent to the 
orbit; after which, it approaches the ſun, till it 
arrives at either the inferior or ſuperior conjunc- 
10N. 2 
It is alſo evident from the inſtrument, that 
Venus, from her ſuperior conjunction, when ſhe 
is furtheſt from the earth, to the time of her 
inferior conjunction, when ſhe 1s neareſt, ſets later 
than the ſun, is ſeen after ſun-ſet, and is, as it 
were, the forerunner of night and darkneſs. But 
from the inferior conjunction, till ſhe comes to 
the ſuperior one, ſhe is always ſeen weſtward of 
the ſun, and muſt conſequently ſer before him in 
the evening,. and riſe before him in the morning, 
foretelling that light and day are at hand. 

Bring Venus and the earth to the beginning 
of Aries, when they will be in conjunction; and 
turn the handle for nearly 225 days, and as Venus 
moves faſter than the earth, ſhe will arrive at 
Aries, and have finiſhed her courſe, but will not 
have overtaken the earth, who has moved on in 
the mean time; and Venus muſt go on for ſome 
time, in order to overtake her. Therefore, if 
Venus ſhould be this day in conjunction with the 
fun, in the inferior part of her orbit, ſhe will not 
come again to the ſame conjunction till after ! 
year, 7 months, and 12 days. e 

It is plain, by inſpettion of the . 

| that 
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chat though Venus does always keep nearly at the 
ſame diſtance from the ſun, yet ſhe is continually 


changing her diſtance from the earth; her diſtance 


is greateſt when ſhe is in her ſuperior, and leaſt 
when ſhe is in her@nferior conjunction. 


To explain the phaſes, the retrograde, direct, and 
ſtationary ſituations of the planets. 


As Venus is an opake globe, and only ſhines 
by the light ſhe receives from the ſun, that face 
which is turned towards the ſun will always be 
bright, while. the oppoſite one will be in darkneſs; 
conſequently, if the fituation of the earth be ſuch, 


that the dark ſide of Venus be turned towards us, 


ſhe will then be inviſible, except ſhe appear like 
a ſpot on the diſk of the ſun. If her whole illu- 
minated face is turned towards the earth, as it is 
in her ſuperior conjunction, ſhe appears of a circu- 
lar form, and according to the different poſitions of 
the earth and Venus, ſhe will have different forms, 
and appear with different phaſes, undergoing the 


ſame changes of form as the moon. Theſe different 


\ phaſes are ſeen very plain in this inſtrument, as the 
fide of the planet, which is oppoſite to the ſun, is 
blackened; ſo that in any poſition, a line drawn 
from the earth to the planet, will repreſent that 
part of her diſk which is viſible tous. | 

The irregularities in the apparent motions of 
the planets, is a ſubject that this inſtrument will 
fully elucidate; and the pupil will find that they 
are only apparent, taking their riſe from the fitu- 
ation and motion of the obſerver. To illuſtrate 
this, let us ſuppoſe the above-mentioned wire, 
when connected with Venus and the earth, to be 
the viſual ray of an obſerver on the earth ; it will 
then point out how the motions of Venus appear 
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in the heavens, and the path ſhe appears to us to 


deſcribe among the fixed ſtar s. 

Let Venus be placed near her ſuperior con- 
junction, and the inftrument in motion, the wire 
will mark out the apparent motion of Venus in the 
ecliptic. Thus Venus will appear to move caſt. 


ward in the ecliptic, till the wire becomes a tangent 


to the orbit of Venus, in which ſituation ſhe will 
appear to us to be ſtationary, or not to advance at 
all among the fixed ſtars; a circumſtance which is 
exceeding viſible and clear upon the planetarium. 

Continue turning, till Venus be in her ſuperior 
conjunction, and you will find by the wire, or vi- 
ſual ray, that ſhe now appears to move backward 
in the ecliptic, or from caſt to weſt, till ſhe is ar- 
rived to that part where the viſual ray again be. 
comes a tangent to her orbit. In which poſition, 
Venus will again appear ſtationary for ſome time; 


after which, ſhe will commence anew her direct 


motion. | 

Hence, when Venus is in the ſuperior part of 
her orbit, ſhe is always ſeen to move directly, ac- 
cording to the order of the figns; but when ſhe is 
in the inferior part, ſhe appears to move in a con- 


trary direction. | 


What has been ſaid concerning the motions 
of Venus, is applicable to thoſe of Mercury ; but 
the conjunctions of Mercury with the ſun, as well 
as the times of his being dire, ſtationary, or retro- 
grade, are more frequent than thoſe of Venus. 


Or THE SUPERIOR PLANETS, AS SER"FROM TEE 
EARTH. 


Tf you extend your obſervations on the inſtru- 
ment to Mars, you will find by the viſual ray, that 


Mars, when in conjunction, and when in oppoſi- 


tion, will appear in the ſame point of the ecliptic, 
| 5 whether 
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whether it is ſeen from the ſun or the earth; and 
in this ſituation only is it's real and apparent place 
the ſame, becauſe, then only the ray proceeds as if 
it came from the center of the univerſe. 

You will find, that the direct motion of a 
ſuperior planet is ſwifter the nearer it is to the 
conjunction, and flower when it is nearer to qua- 
drature with the ſun; but that the retrograde mo- 
tion of a ſuperior planet is ſwifter the nearer it is 
to oppoſition, and ſlower the nearer it is to quadra. ; 
ture; but at the time of change from direct to re- 
trograde, it's motion becomes inſenſible. 


To prove by the Planetarium the truth of the Coper- 
nican, and abſurdity of the Ptolemaic ſyſtem. 


Of all the prejudices which philoſophy con- 
tradicts, there is none ſo general as that the earth 
keeps it's place unmoved. This opinion ſeems 
to be univerſal, till it is corrected by inſtruction, 
or by philoſophical ſpeculation. Thoſe who have 
any tincture of education, are not now in danger of 
being held by it; but yet they find at firſt a re- 
luctance to believe that there are antipodes, that 
the earth is ſpherical, and turns round it's axis 
every day, and round the ſun every year. They 
can recollect the time when reaſon ſtruggled with 
prejudice upon theſe points, and prevailed at 
length, but not without ſome efforts.* 

The planetarium gives ocular demonſtration 
of the motion of the earth about the ſun, by ſhew- 
Ing that it is thus only that the celeſtial phenomena 
can be explained, and making the abſurdity of the 
Prolemaic ſyſtem evident to the ſenſes of young 


Vor. IV. N people. 


"* Reid's Eſſays on the Intellectual Powers of Man. 
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people. For this purpoſe, I take off the braſs ball 
which repreſents the ſun, and put ona ſmall ivory 
ball in it's place to repreſent the earth, and place a 
ſmall braſs ball for the ſun, on that arm which car. 
ries the earth. . 

Ihe inſtrument in this ſtate will give an idea 
of the Ptolemaic ſyſtem, with the earth immove- 
able in the center, and the heavenly bodies revolv- 
ing about it in the following order: Mercury, Venus, 
the ſun, Mars, Jupiter, and Saturn. Now in this 
diſpoſition of the planets, ſeveral circumſtances 
are to be obſerved, that are contrary to the real ap- 
pearances of the celeſtial motions, and which there- 
fore prove the falſity of this ſyſtem. | 
- Ir will appear from the inſtrument, that on 
this hypotheſis Mercury and Venus could never be 
ſeen to go behind the ſun, from the earth, becauſe 
the orbits of both of them are contained between 
the ſun and the earth; but theſe planets are ſeen to 
go as often behind the ſun as before it; we map, 
therefore, from hence conclude, that this ſyſtem is 
erroneous. | 

It is alſo apparent in the planetarium, that on 
this ſcheme theſe planets might be ſeen in con- 
junction with, or in oppoſition to the ſun, or at any 
diſtance from it. But this is contrary to experi- 
ence; for they are never ſeen in oppoſition to the 
ſun, or on the meridian of London, for inſtance, 
at midnight, nor ever recede from it beyond certain 
limits. | | 
Again, on the Ptolemaic ſyſtem all the planets 
would be at an equal diſtance from the earth, in 
all parts of their orbits, and would therefore nc- 
ceſſarily appear always of the ſame magnitude, and 
moving with equal and uniform velocities in one 
direction; circumſtances which are known to be 
repugnant to abſervation and experience. 


To 
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T1 reify the planetarium, or place the planets in 
their true ſituations, as ſeen from the ſun.” 


The ſituations of the planets in the heavens 
are accurately calculated by aſtronomers, and pub. 
liſhed in almanacks appropriated to the purpoſe, 
x the nautical almanack, White's ephemeris, &c. 
An ephemetis is a diary or daily regiſter of the 
motions and places of the heavenly bodies, ſhew- 
ing the ſituation of each planet at 12 o'clock each 
day. Theſe ſituations it exhibits both as ſeen from 
the ſun, and from the earth ; but as the former or 
the heliocentric is the only one of any uſe for this 
purpoſe, I ſhall here explain ſo much of that part 
of Mr. White's ephemeris, as will enable you to 
rectify the planetarium. 


G| Day Lengh Helſcc. T Helioc. | Heſioc. | Helio. [ Helioc. | Helto 
& [inerea * Day] long. long. long. long. long. long. 
7. 4 


Nh i | dS 


% 414 48]27K35| 2M14|27M16[11M 14] 8735/1818 
717 24115 Bj27 47] 2 42129 57117 28 7j2blgg] 
13/7 44115 2827 59] 3 of 22392! 921 7 7 3N 4] 
198 15 44/28 110 3 37 5 20128 360 7 7 415 
258 10116 0028 234 5/8 g| 4422116 36 o © 


In the foregoing table for May, 1790, you 
have the heliocentric places calculated to every 
Ix days of the month, which is ſufficiently accu- 
rate for general purpoſes. Thus on the 19th, 
you have Saturn in 28 11' of Piſces, Jupiter 3* 
37' of Virgo, Mars in 5 20 of Libra, the earth 
289 36' of Virgo, Venus 7 7'of Capricorn, and 
Mercury 42 13' of Virgo; to which places on the 
ecliptic of the planetarium, the ſeveral planets 
are to be ſet, and they will then exhibit their real 
lituations, both with reſpe& to the ſun and the 
earth for that day. 

N 2 To 
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2% ufe the inſtrument as a tellurian, plate 12, fie, x, 


The ſun, the earth, and the moon, are bodies, 
which, from our connection with them, are fo in- 
| tereſting to us, that it is neceſſary to enter into 
i a minute detail of their reſpective phenomena. 
To render this inſtrument a tellurian, all the pla- 
nets are firſt to be taken off, the piece of wheel- 
work A B 1s to be placed on in their ſtead, in 
ſuch a manner, that the wheel c may fall into 
the teeth that are cut upon the edge of the eclip. 
tic. The milled nut D is then to be ſcrewed on, 
to keep the wheel- work firmly in it's place. It 
is beſt to place this wheel-work in ſuch a manner, 
that the index E may point to the 21ſt of June, 
and then to move the globe, ſo that the north pole 

may be turned towards the ſun. 

The inſtrument will then ſhew, in an accurate 
and clear manner, all the phenomena ariſing from 
the annual and diurnal motion of the earth: as 
the globe is of 3 inches diameter, all the conti- 
nents, ſeas, kingdoms, &c. may be diſtinctly ſeen; 
the equator, the ecliptic, tropics, and other circles, 
are very viſible, ſo that the problems relative to 
peculiar places, may be ſatisfactorily ſolved. The 
axis of the earth is inclined to the ecliptic in an 
angle of 66 degrees, and preſerves it's parallel 
iſm during the whole of it's revolution. About 
the globe there is a circle, to repreſent the 7erm- 
ator, or boundary between light and darkneſs, di- 
viding the enlightened from the dark hemiſphere. 
At N O is an hour circle, to determine the time 
of ſun riſing or ſetting. 

The braſs index G repreſents a central ſolar 
ray; it ſerves to ſhew when it is noon, or when 
the ſun is upon the meridian at any given place: 


it alſo ſhews what ſign and degree of the ecliptic 
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on the globe the ſun deſcribes on any day, and the 
parallel it deſcribes. | | 

The plane of the terminator H I paſſes 


through the center of the earth, and is perpen- 


dicular to the central ſolar ray. The index E points 
out the ſun's place in the ecliptic of the inſtrument 
for any given day in the year. | 


To explain the changes of ſeaſons by the tellurian. 


The firſt thing to be done, 1s to rectify the 
tellurian; or in other words, to put the globe 
into a poſition ſimilar to that of the earth, for 
any given day. Thus to rectify the tellurian for 
the 21ſt of June, turn the handle till the annual 
index comes to the given day; then move the 
globe by the arm K L, ſo that the north pole 
may be turned towards the ſun; and adjuſt' the 
terminator, fo that it may juſt touch the edge of 
the arctic circle. The globe is then in the ſitua- 


tion of the earth for the longeſt-day in our north- 


ern hemiſphere, the annual index pointing to the 
firſt point of Cancer and the 21ſt of June; 'bring 


the meridian of London to coincide with the cen- 


tral ſolar ray, and move the hour circle N O, till 
the index L points to XII; we then have the 
Found of London with reſpect to the longeſt 
day. | | 
Now on gently turning the handle of the 
machine, the point repreſenting London will, by 
the rotation of the earth, be carried away towards 
the eaſt, while the ſun ſeems to move weſtward ; 
and when London has arrived at the eaſtern part 
of the terminator, the index will point on the 
hour circle the time of ſun-ſetting for that day; 
continue to turn on, and London will move in 
the ſhaded part of the earth, on the other ſide of 

| ney”. the 
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the terminator ; when the index i is again at XII, it 
is midnight at London; by moving on, London 
will emerge from the weſtern ſide of the termi. 
nator, and the index' will point out the time of 
ſun-riſing, the ſun at that inſtant appearing to 
riſe above the horizon in the caft, to an inhabitant 
of London. 
| Ir will be evident by the 66 while in 
this poſition, that the central ſolar ray, during 
the whole revolution of the earth on it's axis, only 
points to the tropic of Cancer, and that, the ſun 
is vertical to no other part of the earth, but thoſe 
which are under this tropic, 

By obſerving how the terminator cuts the ſe- 
veral parallels of the globe, we ſhall find that all 
| thoſe between the northern and ſouthern polar 

circles (except the equator) are divided unequally 

into diurnal and nocturnal arches, the former being 
greateſt on the north ſide of the equator, and the 
latter on the ſouth fide of it. 

In this poſition, the northern polar circle Is 
wholly on that ſide the terminator which is near- 
eſt the ſun, and therefore altogether in the en- 
lightened hemiſphere, and the inhabitants thereof 
enjoy a continual day. In the ſame manner, the 
inhabitants of the ſouthern polar circle continue 


in the dark at this time, not withſtanding the di- 


urnal revolution of the earth; it is the annual 
motion only which can relieve them from this 
ſituation of perpetual darkneſs, and bring to them 
the bleſſings of day, and the enjoyments of ſum- 
mer; while in this ſtate the inhabitants in north 


latitude are neareſt to the central ſolar ray, and 


conſequently to the ſun's perpendicular beams 
and of courſe a greater number of his rays will 
fall upon any given place, than at any other time; 
the ſun's rays do now alſo paſs through a leſs 


| quantity of the atmoſphere, which, together -with 
| the 
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the length of the day, and the ſhortneſs of the 
night, are the reaſons of the increaſe of the heat 
in ſummer, together with all it's other delightful 
effects; the ſeaſon when the Lord pours forth his 
bleſſings upon every living creature in the elt 
abundance. 

While the earth continues to turn round on 
it's own axis once a day, it is continually ad- 
vancing from welt to eaſt, according to the order 
of the ſigns, as is ſeen by the progreſs. of the 
annual index E, which points ſucceſſively to all 
the ſigns and degrees of the ecliptic ;. the ſun in 
the mean time ſeems to deſcribe the ecliptic alſo, 
going from weſt to eaſt, at the diſtance of ſix 
ſigns from the earth; that is, when the earth 
really ſets out from the firſt point of Capricorn, 
the ſun ſeems to ſet out from the firſt point of 
Cancer, as 1s plain in the index. 

But as during the annual revolution of the 
earth, the axis always remains parallel to itſelf, 
the ſituation of this axis, with reſpect to the ſun, 
muſt be continually changing. 

As the earth moves on in the eclinde. the 
northern polar circle gets gradually under the 
terminator ; ſo that when the earth is arrived at 
the firſt point of Aries, and the annual index is 
at the firſt point of Libra on the 22d of Septem- 
ber, this circle is divided into two equal parts by 
the terminator, as is alſo every other parallel cir- 
cle, and conſequently the diurnal and nocturnal 
arches are equal; this is called the time of equinox, 
the days and nights are then equal all over the 
the earth, being each of them 12 hours long, as 
will be ſeen by the horary index L. The central 
ſolar ray G having ſucceſſively pointed to all the 
parallels that may be ſuppoſed to be between the 


equator and the tropic of Cancer, is at this pe- 
Ne riod 
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riod perpendicular to the inhabitants that live at 
the equator. 
By continuing to turn the handle, the earth 


advances in the ecliptic, and the terminator 


ſhews how the days are continually decreaſing, 
and the diurnal arches ſhortening, till by degrees 
the whole ſpace contained by the northern polar 
circle is on that fide of the terminator which is 
oppoſite to the ſun, which happens when the 
earth is got to the firſt point of Cancer, and the 
annual index is at the firſt point of Capricorn, on 
the 21ſt of December. In this ſtate of the globe, 
the northern polar circle, and all the country 
within that ſpace, have no day at all; whilſt the 
inhabitants that live within the ſouthern polar 
circle, being on that fide of the terminator which 
is next the ſun, enjoy perpetual day. By this 
and the former iituation of the earth, you will 
obſerve, that there are nations to whom a great 
portion of the year is darkneſs, whoare condemn- 


ed to paſs weeks and months without the benign 


influence of the ſolar rays. The central ſolar ray 
is now perpendicular to the tropic of Capricorn; 
the length of the days is inverſely what it was when 
the ſun entered Cancer, the days being now at 
their ſhorteſt, and the nights longeſt in the north- 
ern hemiſphere; the length of each is pointed out 
by the horary index. 

The earth being again carried on till it enters 
Libra, and the ſun Aries, we ſhall again have all 
the phenomena of the equinoctial ſeaſons. The 
terminator will divide all the parallels into 
two equal parts; the peles will again be in the 
Plane of the terminator ; and conſequently as the 
globe revolves, every place from pole to pole will 
deſcribe an equal arch in the enlightened and 


pbſcure hemiſpheres, entering into and going 5. 
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of each exactly at ſix o'clock, as ſhewn by the 
hour index. | 

As the earth advances, more of the northern 
polar circle comes into the illuminated hemi- 
ſphere, and conſequently the days increaſe with 
us, while thoſe on the other ſide of the equator 
decreaſe, till the earth arrives at the firſt point 
of Capricorn, the place from which we firſt be- 
gan to make our obſervations. | | 


To explain the phenomena, that take 1 in what 
is called a parallel, direct, and right ſphere. 


Take off the-globe and it's terminator, and 
put on in it's place the globe which accompanies 
the inſtrument, and which is furniſhed with a 
meridian, horizon, and quadrant of altitude; the 
edge of the horizon is graduated from the eaſt and 
weſt, to the north and ſouth points, and within 
theſe diviſions are the points of the compaſs to the 


under fide of this horizon; but at 18 degrees from 


it another circle is affixed, to repreſent the twilight 
circle; the meridian 1s graduated like the meri- 
dian of a globe; the quadrant of altitude is di- 
vided into degrees, beginning at the zenith, and 
finiſhing at the horizon. 

This globe, if the horizon be differently ſet 
with reipect to the ſolar ray, will exhibit the 
various phenomena ariſing from the ſituation of 
the horizon with reſpect to the ſun, either in 
a right, a parallel, or an oblique ſphere; or hav- 
ing ſet the horizon to any place, you will ſee by 
the central ſolar ray how long the ſun is above 
or below the horizon of that place, and at what 
point of the compaſs he riſes, his meridian alti- 
tude, and many other curious particulars, of which 
ye ſhall give a few e | h 
Set 
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Set the horizon to coincide with the equator, 


and place the earth in the firſt point of Libra; 

then will the globe be in the poſition of a parallel 
ſphere, and of the inhabitants of the poles at that 
ſeaſon of the year, which inhabitants are repre- 
fented by the pin at the upper part of the quadrant 


of altitude; the handle being turned round gently, 
the earth will re vol ve upon it's axis, and the ſolar 


ray will coincide with the horizon, without devi- 
ating in the leaſt to the north or ſouth ; ſhewing, 
that on the 21ſt of March the ſun does not appear to 
riſe or fet to the terreſtrial poles, but paſſes round 
through all the points of the compaſs, the plane of 
the horizon biſecting the ſun's diſk, 

Now place the horizon, ſo that it may coin- 
cide with the poles, and the pin repreſenting an in- 
habitant be over the equator, the globe in this po- 
fition is ſaid to be in that of a right ſphere; the 
equator, and all the parallels of latitude, are at 
Fight angles, or perpendicular to the horizon ; by 


turning the handle till the carth has completed a 


year, or one revolution about the ſun, we fhall 
perceive all the folar phenomena as they happen 
to an inhabitant of the equator, which are, I. 
That the fun riſes at ſix, and ſets at fix, through- 
out the year, ſo that the days and nights there are 
perpetually equal. 2. That on the 21ſt of March, 
and 22d of September, the ſun is in the, zenith, 
or exactly over the heads, of the inhabitants. 3. 
That one half of the year between March and 
September, the ſun is every day full north, and 
the other half between September -and March, is 
full ſouth of the equator, his meridian alcirude 
being never leſs than 661 degrees. 

If the pin repreſenting an inhabitant be now 


removed out of the equator, and ſet upon any 


place vetween- it and the poles, the horizon will 


kot then paſs through either of the poles, nor co- 
incide 
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incide with the equator, but cut it obliquely, one 
half being above, the other half below the horizon; 
the globe in this ſtate js ſaid to be in that of an 
oblique ſphere, of which there are as many va- 
rieties as there are places between. the equator and 
both poles. But one example will be ſufficient; 
for whatever appearance happens to one place, the 
ſame, as to kind, happens to every other place, 
differing only in degree, as the latitudes differ. 
Bring the pin, therefore, over London, then will 
the horizon repreſent the horizon of London, and 
in one revolution of the earth round the ſun, we 
ſhall have all the ſolar appearances through the 
four ſeaſons clearly exhibited, as they really are 
in nature; that is, the earth ſtanding at the firſt 
degree of Libra, and the ſun then entering into 
Aries, the meridian turned to the folar ray, and 
the hour index ſet to XII, you will then have the 
globe ſtanding in the ſame poſition towards the 
ſun, as our earth does at noon on the 21ſt of 
March. If the handle be turned round, when the 
ſolar ray comes to the weſterh edge of the horizon, 
the hour index will point YI, which ſhews the 
time of ſun-ſetting; London then paſfes into, and 
continues in darkneſs, till the hour index having 
paſſed over XII hours, comes again to VI, at which 

time the ſolar ray gains the eaſtern edge of the 
horizon, thereby defining the time of ſun-riſing 7 


fix hours afterwards the meridian again comes to 


the ſolar ray, and the hour index points to XII, 
thereby evidently demonſtrating the equality of 
the day and night, when the ſun is in the equi- 
noctial, You may then alſo obſerve, that the ſun 
riſes due eaſt, and ſets due weſt, e 
Continuing to move the handle, you. will find 
that the ſolar ray declines from the equator to- 
wards the north, and every day at noon riſes higher 
upon the graduations of the meridian than it did 
e | - beloge, 
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before, continually approaching to London, the 


days at the ſame time growing longer and longer, 


and the fun riſing and ſetting more and more to- 
wards the north, till the 21ſt of June, when the 
earth gets into the firſt degree of Capricorn, and 
the fun appears in the tropic of Cancer, rifing 
about 40 minutes paſt 3 in the morning, and ſet. 
ting about 20 minutes paſt 8 in the evening, and 
after continuing about ſeven hours in the nether 
hemiſphere, appears riſing in the north-eaſt, as 
before. From the 21ſt of June to the 22d of Sep- 
tember, the ſun recedes to the ſouth, and the days 
gradually decreaſe to the autumnal equinox, when 


they again become equal. 


During the three N months, the ſun 
continues to decline towards the ſouth pole, til 
the 21ſt of December, when the ſun enters the 


tropic of Capricorn, riſing on the ſouth-eaſt point 
of the compaſs about 20 minutes paſt 8 in the 


morning, and ſetting about 40 minutes paſt 3 in 


the evening, at the ſouth-weſt point upon the ho- 


rizon; after which, the ſun continues in the dark 
hemiſphere for 17 hours, and then appears again 
in the ſouth-eaſt, as before. From this chill ſol- 


Rice the ſun returns towards the north, and the 


days continually increaſe in length till rhe vernal 
equinox, when all things are reſtored in the ſame 
order as at the beginning. 

Thus all the varieties of the 6 the time 
of fun riſing and ſetting, and at what point of the 
compaſs ; as alſo the meridian altitude and decli- 
nation every day of the year, and duration of twi- 
light, and to what place the ſun is at any time 


vertical, are fully exemplified by this globe and 


it's apparatus. 
Before we quit the phenomena particulasly 


ariſing from the motion and poſition of the earth, 


let the globe, with the meridian and horizon, be 
removed, 


11 has 9 . Þ 
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removed, and the ivory ball which fits upon a pin 


be placed thereon, to repreſent the earth. 


As the axis of this globe ſtands perpendicular 


to the plane of the ecliptic, you will find that the 
ſolar ray continually points to the equator of this 
little ball, and will never deviate to the north or 
ſouth; though by turning the handle, the ball is 
made to complete a revolution round the ſun. This 
ſhews that the earth in this poſition would have the 
days and nights equal in every part of the globe, all 
the year long; there would have been no diffe- 


rence in the climates of the earth, no diſtinction of 


ſeaſons ; an eternal ſummer, or never-ceaſing win 
ter, would have been our portion; an unvaried 
ſameneſs that would have limited inquiry, and ſa- 
tiated curioſity ; and that the variety of the ſea- 
ſons is owing to it's axis being inclined to the. 


* oy it's orbit. 
Or THE LuxARITIUM, Fic. 2, PLATE xIT. 


Having thus illuſtrated the phenomena, which 
ariſe particularly from the inclination of the earth's 
axis to the plane of the ecliptic, from it's rotation 
round it's axis, and revolution round the ſun; we 
now proceed to explain, by this inſtrument, the 
phenomena of the moon. But in order to this, it 
will be neceſſary to ſpeak firſt of the inſtrument, 
which is put in motion like the preceding one, by 
the teeth on the fixed wheel; it is alſo to be pla- 
ced upon the ſame ſocket as the tellurian, and con- 
fined down by the ſame milled nut. 

The floping ring P Q repreſents the 
plane of the moon's orbit, or path round the 
earth; ſo that the moon in her revclution round 
the earth does not move parallel to tire plane ot 


the ecliptic, but on this inclined plane; the two 


points of this i pine, that are connected by the 
| bras 
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braſs wire, are the nodes, one of which is marked 
N, for the aſcending node, the other V for the 
deſcending node. The moon 1s therefore ſome. 
times on the north, and ſometimes on. the ſouth 
fide of the ecliptic, which deviations from the 
ecliptic are called her north or fouth latitude; her 
greateſt deviation, which is when ſhe is at her 
higheſt and loweſt points, called her limits, is ; 
deg. 18 min. ; this, with all the other intermediate 
degrees of latitude, are engraved on this ring, be- 
ginning at the nodes, and numbered both ways 
from them. At each of the nodes, and at about 
18 degrees diſtant from them, we find this mark ©, 
and at about 22 degrees this ), to indicate that 
when the full moon is got as far from the nodes as 
the mark), there can be no eclipſe of the moon; 
nor any eclipſe of the ſun, when the new moon 
has paſſed the mark O; theſe points are generally 
termed the limits of eclipſes. The nodes of the 
moon do not remain fixed at the fame point of the 
ecliptic, but have a motion contrary to the order 
of the ſigns. | 

T Vis a ſmall circle parallel to the ecliptic ; 
it is divided into 12 ſigns, and each ſign into 30 
degrees; this circle is moveable in it's ſocket, and 
is to be ſet by hand, ſo that the ſame ſign may be 
oppoſite to the ſun, that is marked out by the an- 
nual index. Theſe ſigns always keep parallel to 
themfel ves, as they go round the fun, but the in- 
clined plane with it's nodes go backwards, ſo that 
each node recedes thro? all the above ſigns in about 
19 years. RSisa circle, on which are divided 
the days of the moon's age; X Y is an ellipſis, 
to repreſent the moon's elliptical orbit, the direct 
motion of the apogee, or the line of the apſides, 
with the fituation of the elliptical orbit of the 
moon, and place of the apogee in the ecliptic at 
all times. | 5 


To 


Ox AsTronowy. 191 
To vedify the lunarium. 


Set the annual index on the large ecliptic to 
the firſt of Capricorn; then turn the plate, with 
the moon's ſigns upon it, until the beginning of 
Capricorn points directly to the ſun; turn the 


handle till the annual index comes to the firſt of 


January ; then find the place of the north node in 
an ephemeris, to which place among the moon's 
ſigns, ſet the north node of her inclined orbit, 
by turning it till it is in it's proper place in the 
circle * ſigns; ſet the moon to the day of her 


age, 7 X 8 8 
GENERAL PHENOMENA OF THE Moo. 
Having rectified the 5-09 ae for uſe, on 


putting it into mot ion it will be evident, 
I. That the moon, by the mechaniſm of the in- 


ſtrument, always moves in an orbit inclined to that 
of the ecliptic, and conſequently in an orbit analo- 


gous to that in which the moon moves in the 
heavens. 

2. That ſhe moves from weſt to eaſt... 

3. That the white or illuminated face of the 
moon is always turned towards the ſun. | 

4. That the nodes have a revolution contrary 
to the order of the ſigns, that is, from Aries to 
Piſces; that this revolution 1s performed 1 in about 
nineteen years, as in nature. | 

- That the moon's rotation upon wad axis is 

effected and completed in about 274 days; whereas 
it is 294 days from one conjunction with the 
ſun to the next. 


6. That every part of the moon is turned to 


the ſun, in the ſpace of her monthly or periodic 
trvolution. 


10 
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To be more particular. On turning the han. 
dle, you will obſerve another motion of the earth, 
which has not yet been ſpoken of, namely, it's 
monthly motion about the common center of gravity 
between the earth and moon, which center of 
gravity is repreſented by the pin Z. From hence 


we learn, that it 'is not the center of the earth 


which decribes what is called the annual orbit, 
but the center of gravity between the earth and 


moon, and that the earth has an irregular, ver- 
micular, or ſpiral motion about this center, ſo 
that it is every month at one time nearer to, at 
another further from the ſun. It is evident from 


the inſtrument, that the moon does not regard the 
center of the earth, but the center of gravity, as 
the center of her proper motion; that the center 
of the earth is furtheſt from the ſun at new moon, 


'and neareſt at the full moon; that in the quadra- 


tures the monthly parallax of the earth is ſo ſen- 
fible, as to require a particular equation in aftro- 
nomical tables. Theſe particulars were firſt 98 
plied to the orrery, by the late ingenious Mr. 


Benjamin Martin. 


To explain the phaſes of the moon., 


The moon aſſumes different phaſes to us, 1. 


on account of her globular figure; 2. on account 
of the motion in her orbit, between the earth and 


the ſun: for whenever the moon is between the 
earth and the ſun, we call it new moon, the en- 
lightened part being then turned from us; but 


when the earth is between the ſun and the moon, 


we then call it full moon, the whole of the enlight- 

enced part being then turned towards us. | 
The phaſes of the moon are clearly exhibited 

in this inſtrument ; for here we ſee that half which 


is oppoſite to the ſun is always dark, while that 
| which 
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which is next to the ſun is white, to. repreſent 
the illuminated part. Thus when it is new moon, 
you will ſee the whole white part next the ſun; 
and the dark part turned towards the earth, ſhew- 
ing thereby it's diſappearance, or the time of it's 
conjunction and change: on turning the handle, 
a ſmall portion of the white part will begin to be 
ſeen from the earth, which portion will increaſe 
towards the end of the 7th day, when you will 
perceive that half of the light, and half of the 
dark fide, is turned towards the earth, thus illuſ- 
trating the appearance of the moon at the firſt 
quarter. From hence the light ſide will continually, 
ſhew. itſelf more and more in a gibbous form, ill 
at the end of fourteen days the whole white ſide 
will be turned towards the earth, and the dark 
ſide from it, the earth now ſtanding in a line be- 
tueen the ſun and moon; and thus the inſtrument 
explains the oppoſition, or full moon. On turn- 
ing the handle again, ſome of the ſhaded part 
will begin to turn towards the earth, and the white 
fide to turn away from it, decreaſing i in a gibbous 
form till the laſt quarter, when the moon will ap- 
pear again as, a creſcent, which ſhe preſerves till 
the has attained another conjunction. 

In this lunarium the moon has always the 


ſame face or fide to the earth, as is evident from 

, the ſpots delineated on the ſurface of the 1vory 

J ball, revolving about it's axis in the courſe of 

: one revolution round the earth; in conſequence 

- of which, the light and dark parts of the moon 
t appear permanent to us, and the phaſes are ern 

, as they appear in the heavens. 


- As the earth turns round it's axis once in 
24 hours, it muſt in that time exhibit every 
d part of it's ſurface to the inhabitants of the 
h moon, and therefore it's luminous and opake parts 
: Vol. IV. N O wil 


Ina contrary order, that when the moon is new 
to us, we ſhall be full to them, and vice ver/a, 


inhabit. The moon's apparent diurnal motion in 


fun, in the ſpace of her monthly or periodical 


night, but what the ſtars afford. 
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will be ſeen by them in conſtant rotation. As 
that half of the earth which is oppoſed to the 
fun is always dark, the earth will exhibit the ſame 
phaſes to the lunarians that we do to them, only 


But as one hemiſphere only of the moon is ever 
turned towards us, it is only thoſe that are in 
this hemiſphere who can fee us; our earth will 
appear to them always in one place, or fixed in 
the ſame part of the heavens; the lunarians in the 
oppofite hemiſphere never ſee our earth, nor do 
we ever view that part of the moon which they 


the heavens is produced by the daily revolution of 
our earth. — | 
If we conſider the moon with reſpect to the 
fun, the inſtrument ſhews plainly that one half 
of her globe is always enlightened by the ſun; 
that every part of the lunar ball is turned to the 


revolution; and that therefore the length of the 
day and night in the moon is always the ſame, 
and equal to 144 of our days. When the fun ſets 
to the lunarians in that hemiſphere next the 
earth, the terreſtrial moon riſes to them, and they 
can therefore never have any dark night; while 
thoſe in the other hemiſphere can have no light by 


Or Tax PERIODECAL AND SYNODICAL MoNTH. on! 
| | nor 

The difference between the periodical month, on 
in which the moon exactly deſ-ribes the ecliptic, Pn 
and the fynodical, or time between any two nev Fre 
| c 


moons, is here rendered very evident. To fhev 


this difference, obſerve at any new moon her place 
| | in 
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in the ecliptic, then turn the handle, and when 
the moon has got to the ſame point in the eclip- 


tic, you will ſee that the dial ſhews 274 days, 


and the moon has finiſhed her periodic revolution. 

But the earth-at the ſame time having advanced 
in it's annual path about 27 degrees of the eclip- 
tic, the moon will not have got round in a direct 
line with the ſun, but will require 28 days and 
4 hours more, to bring it into conjunction with 


the ſun again. 
Or EcLIPSES or THE SUN AND Moon, 


There is nothing in aſtronomy more worthy 
of our contemplation, nor any thing more ſub- 
lime in natural knowledge, than rightly to com- 
prehend thoſe ſudden obſcurations of the heavenly 
bodies, that are termed eclipſes, and the accuracy 
with which they are now foretold. © One of the 
chief advantages derived by the prefent generation 
from the improvement and di ffuſion of philoſophy, 


is delivery from unneceſſary terror, and exemp- 
tion from falſe alarms. The unuſual appearances, 


whether regular or accidental, which once ſpread 
conſternation over ages of ignorance, are now the 
recreations of inquiſitive ſecurity. The ſun is no 
more lamented when it is eclipſed, than when it 
ſets; and meteors play their coruſcations without 
prognoſtic or prediction.“ 

We have already obſerved, that the ſun is e 
only real luminary in the ſolar ſyſtem, and that 
none of the other planets emit any light but what 
they have received from the ſun; that the hemi- 
ſphere which is turned towards the ſun is illumi- 
nated by his rays, while the other ſide is involved 


in darkneſs, and projects a ſhadow, which ariſes 


from the luminous body. Re 
O2 | When 
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When the ſhadow of the earth falls upon the 
moon, it cauſes'zn eclipſe of the moon; when the 


ſhadow. of the moon falls upon the earth, it cauſes 


an eclipſe of the ſun. 

An eclipſe of the moon, therefore, never 
happens but when the earth's opake body inter- 
poſes between the ſun and the moon, that is, ar 
the full moon ;. and an eclipſe of the ſun never 
happens but when the moon comes in a line be- 
tween the earth and the ſun, that is, at the new 
moon. 

From what we have already ſeen by the in- 
ſtrument, it appears that the moon is once every 


month in conjunction, and once in oppoſition; 


from hence it would appear, that there ought to 
be two eclipſes, one of the ſun, the other of the 
moon, every month; but this is not the caſe, and 
for two reaſons, firſt, becauſe the orbit of the 
moon is inclined in an angle of about 5 degrees 
to the plane of the ecliptic; and ſecondly, be- 
cauſe the nodes of this orbit have a progreſſive 
motion, which cauſes them to change their place 
every lunation. Hence it often happens, that at 
the times of oppotition or conjunction the moon 
has ſo much latitude, or what 1s the ſame thing, 
is ſo much below or above the plane of the 
ecliptic, that the light of the ſun will in the firſt 
caſe reach the moon, without any obftacle, and 
in the other the earth; but as the nodes are not 
fixed, but run ſucceſſively through all the figns 
of the ecliptic, the moon is often, both at the times 
of conjunction and oppoſition, in or very near the 
plane of the ecliptic ; in theſe caſes an eclipſe 
happens, either of the ſun or moon, according to 
her fituation. The whole of this is rendered clcar 
by the lunarium, where the wire projecting from 
the carth, ſhews. when the moon is above, below, 


or even with the carth, at the times of conjunction 
| al 
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and oppoſition, and thus when there will be, or 
not, any eclipſes. | 

The diſtance of the moon from the earth varies 
ſenſibly with reſpect to the ſun; it does not move 
in a circular, but in an elliptic orbit round us, the 
earth being at one of the foci of this curve. The 
longer axis of the lunar orbit is not always directed 
to the ſame point of the heavens, but has a move- 


ment of it's own, which 1s not to be confounded 


with that of the nodes; for the motion of the laſt 
is contrary to the order of ſigns, but that of the 
line of apſides is in the ſame direction, and returns 
to the ſame point of the heavens in about nine 
years. This motion is illuſtrated in the lunarium. 
by means of the braſs ellipſis X Y, which is car- 
ried round the earth in little leſs than nine years; 
thus ſhewing the ſituation of the elliptical orbit of 
the moon, and the place of the apogee in the 
ecliptic. | | 


Or A NEW TerRESTRIAL GT OBE,“ 


And of a new Apparatus adapted thereto, for ſolving, 
in an eaſy and natural manner, the ſeveral Phe- 
nomena of the Sun, Moon, and Earth. 


Though globes have ever been conſidered as 
the beſt inſtruments for conveying general ideas 
of aſtronomy and geography, yet have they always 
been mounted in a way that muſt perplex and 
confuſe the learner, and furniſh him with ideas 
that are altogether falſe, and contrary to the na- 
ture of things. | 


O 3 That 
The terreſtrial globe was firſt improved by my father, and 


placed in a fixed poſition, & c. The floating meridian and horizon 
were added by Mr. Newman. ; 
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That you may clearly perceive the great advan. 


tages of a globe mounted like that before you, I 


ſhall firſt point out a few of the impertections of 


globes mounted in the common way, and how very 


unfit they are for the purpoſes of inſtruction. 


Now, in the firſt place, what is : 
globe thus mounted, but a continual abſurdit, ? 
for to rectify the globe to any particular latitude, 


the axis of the earth-is continually ſhifted from 


one falſe poſition to another, the mind of the pu- 

il is confuſed, and he with difficulty conceives, 
that the axis of the earth never varies it's poſition, 
but always preſerves the ſame inclination to the 


plane of it's orbit. 


The broad paper circle of the common globes 
is deſigned to repreſent the ecliplic and the horizan ; 
but on examination you will find it repreſents nei- 
ther the one nor the other, Now the ecliptic is the 
apparent path of the ſun; to which the earth's 
axis always makes an angle of 66z degrees; now 
by ſhifting the axis of the globe, to rectify for the 
latitude, this circle can never be in it's poſition as 
ecliptic, except when the axis is at 664 degrees, and 
conſequently cannot be uſed as the ecliptic, Now 
let us conſider it as the Horizon. Now every place 
is always in the zenith of it's horizon, and the place 
and horizon always move together; but in the com- 
mon globes the broad paper circle is only the hori- 


Zon in one ſituation, that is, when the place is in the 
zenith; after having rectified the globe to the lati- 


tude, the moment you move the globe; the broad 
paper circle is no longer the horizon, Thus is it 
plain, that this circle cannot with propriety be 
conlidered either as horizon or ecliptic. As if it 
were to multiply confuſion, a circle is laid down 
on the terreſtrial globe to repreſent the ecliptic, 
and * as ſuch in ſolving problems upon the 

common 
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common globes, though it involves the pupil in 
numerous abſurdities: thus having marked the 
ſun's place 1n the ecliptic, and rectified the globe 
to the latitude, then turn the globe, and the ſun 
and earth have a diurnal motion together; of courſe, 
if you have day when you begin, you will have the 
ſame during the whole twenty-tour hours. Many 


other errors might eaſily be pointed out, but theſe 


are ſufficient to ſhew you, that no one can be pro- 
perly taught by globes ſo mounted. I would alſo 
juſt obſerve to you, that the ideas of a parallel, 
oblique, and right ſphere are abſurd, with reſpect 
to the globe of the earth, as it has in reality but 
one poſition. | 
The globe before you, fig. 2, pl. 13, does not 
hang in a frame like the common globes, but is 
mounted on a pedeſtal, and 1s os; and 
moveable on, an axis which is inclined 66 degrees 
to the ecliptic, and of courſe is always parallel to the 
axis of the earth, ſuppoſing the path of the globe to 
be parallel to the ecliptic. On the pedeſtal, but under 
the globe, 1s a graduated circle, marked with the 
ſigns and degrees of the ecliptic ; adjoining thereto 
is a circle of months and days, anſwering to every 
degree of the ecliptic ; within this circle 1s the 
ſun's declination for every day of the month. 
There is a moveable arm A B, which being 
{et to the day of the month, immediately points 
out the ſun's place in the ecliptic, and his declina- 
tion, On this moveable arm, but near the in- 
dex, you obſerve a pillar; on the top of the pillar 1s 
fixed a ſmall ball, through which a ſteel wire paſſes, 
to repreſent a ray proceeding from the center of 
mea. | 
Round the globe is a circle to reprefent the 
horizon of any place; and at right angles to this 
horizon, is fixed a ſemicircle, to anſwer for a ge- 
nexal meridian. The middle point of this ſemi- 
Et Do. 555 
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circle anſwers for the ſituation of any inhabitant 


on the earth, ſor which reaſon a ſteel pin is ixed 
over the middle point of this ſemicircle. 

One ſuppoſition only is neceſſary for perform. 
ing every problem with this globe; namely, that x 
ſpherical luminous body will enlighten one half of a 


. ſpherical opake body, ana conſequently that a cir. 


cle at right angles to the central ſolar ray, and 
dividing the globe in half, will be a terminator 


ſhewing the boundaries of lighr and darkneſs for 


any given day. 


For this purpoſe, at the end of the moveable 


arm oppoſite to,the ſun, there is a pillar, from the 
top of which projects a piece to carry a circle that 
ſurrounds the globe, and always divides it into 


equal portions, ſeparating the enlightened from the 


dark parts. 18 degrees . behind this circle, but 


pr thereto, is another circle, to repreſent the 
1 : 


mits of twilight. 

There are two plates under the globe, which 
are turned by the diurnal revolution thereof; each 
of them is divided into twice twelve hours and 
parts of an hour, to anſwer for the hours of day; 
on the outſide are laid down the degrees of longi- 
tude for every hour ; ſo that theſe circles give you 


at ſight the hour of the day or night, at any tuo 


places on the globe, and the difference of longi- 
tude correſponding thereto. 

There is one thing more relative to the globe, 
which renders it a planetary globe; for by ſetting 


this pillar, fig. 4, pl. 13, tothe place of any 


planet in the ecliptic, and the ball to the Jatitude 
of the planet, it will ſolve all problems relative to 
that planet, or the moon; as it does for the ſun, by 
means of a central ſolar ray. _ 

To refify this globe, ſet the diviſion under the 
repreſentative inhabitant over the given place, 


ſet the ſolar index to the day of the month, then 


turn 


ü o 
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turn the Robe round on the axis till the meridian 
coincides with the central ſolar ray, and the hour in- 


dex under the globe to XII; and this globe is then 


in the poſition of our globe, with reſpect to the 
ſun and that place, &c. . 

Place the inhabitant on the weſtern fid e of 
the terminator, and he will fee the ſun or the cen< 
tral ſolar ray riſing in the horizon, and this ray 


will mark thereon the ſun's amplitude, and the 


hour circle gives you the hour and minute of the 
ſun's riſing on that day and place; turn the globe 
oradually till the meridian coincides with the 
central ſolar ray, and the point will mark out the 
ſun's meridian altitude for that day. As the globe 
goes on, the altitude decreaſes, and when the in- 
babitant is arrived at the other fide of the termi- 
nator, the ſolar ray is in the horizon, and points 
out the ſun's amplitude, and you have the time of 
his ſetting on the hour circle. If you proceed to 
turn the globe till the inhabitant is under that cir- 
cle, which is behind the terminator, the hour 
circle gives the time that twilight finiſhes. The 
ſun's altitude for any given time of the day, is ob- 


tained by ſtopping the globe when the index points 


out that hour, and the quadrant of altitude over 


the inhabitant, and then bringing it to the central 


ray, which will point out thereon the altitude for 


that hour. 


In this manner you may ſolve the ſame ef 
tions for any other place, or any other day, always 


obſerving, 1. To fix the inhabitant over the given 


place. 2. To ſet the ſun's annual index to the 


given day of the month. 3. To bring the meri- 


dian to the central folar ray, and the hour index 
under the globe to XII. By placing the ſmall pillar 
to the moon's place in the ecliptic, and the ball 


do her latitude, the ſame problems _ be ſolved 


at 
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at ha fame time for the moon; and ſo reſpectively 
of any other planet. 

By this globe, a perſon entirely unacquaint- 
ed with aſtronomy. may in a few hours acquire a 
competent notion of the principal phenomena, 
and to ſolve the greateſt part of the molt inter- 
eſting problems concerning the ſun, moon, and 
plancts. 


Or Tax CerfsTlar GIOBE, Fic. 3, PLATE 13, 


As the terreſtrial globe is mounted to corre. 
ſpond exactly with the globe of our earth, and every 
problem anſwered as they are really occaſioned by 
the annual and diurnal motion of the earth; ſo the 
celeſtial globe, to be conformable to nature, ſhould 
be as nearly as poſſible an exact imitation of the 
heavens, and their ſituation with reſpect tc the 
earth; which is far from being the caſe with the 
common globes. 

To make the celeſtial globe thus conformable 
to nature, 1t ſhould have no motion ; the appear- 
ances of motion in the firmament ariſe from the 
diurnal motion of the earth; it is plain, therefore, 
that whatſoever gives a true repreſentation of the 


heavens, will have no motion. Ihe celeſtial globe 


before you, 1s therefcre fixed on an axis, making, 
like that of the terreſtrial globe, 663 degrees with 
the plane of the ecliptic; and the ecliptic an this 
globe exactly coincides with the ſun's apparent 

th round the earth. All problems concerning 
the ſun, moon, and planets, are performed by the 
terrcſtrial globe. This globe needs only be uſed for 
the ſtars, and one or two problems will give you 3 


ſufficient idea of the manner of ſolving all that 


relates to the ſtars. 
To find the lalilud* and ins ita. of g given far. 
Find 
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Find the ſtar on the globe, and then place the 
clip on the ecliptic plate, flide the ſiderial index 
till it is exactly over the ſtar, and the latitude 1s 
ſhewn on the arch, and the longitude, by the in- 
dex, on the ecliptic. re gt Tg 
To find the riſing, ſetting, amplitude, and me- 
ridian altitude of the ſame ſtar. Take the clip from 
the celeſtial globe, and put it to the ſame degree 
of longitude on the terreſtrial ecliptic plate; turn 
the globe on it's axis, and the time of it's riſing 
and ſetting is immediately pointed out by the hour 
index ; it's amplitude is ſhewn on the horizon; 
it's meridian altitude, by the meridian; and it's azi- 
muth and altitude for any hour, by applying the 
quadrant of altitude under the ſiderial index for 
that hour. Me 
J ſhall conclude my Lectures on theſe inſtru- 
ments with ſome obſervations that naturally ariſe 
from conſidering the art and ingenuity with which 
they are conſtructed. For when we ſee materials 
working with an art and contrivance that is not 
in their nature, we are at once convinced, that a 
ſuperior intelligence has been concerned in their 
arrangement, &c. | | 
Thus alſo in nature, whatever bears the marks 
of a wiſdom not belonging to the known cauſes 
producing it, may be properly ſtiled providentzal : 
for when agents void of wiſdom act wiſely, it is 
plain there muſt be ſome hand to conduct them, 
though we may not be able to perceive by what 
ſprings or channels of communication it operates. 
There wants, therefore, no long train of reaſon- 
ing to lead us into the knowledge of a providence. 
Penetration and cloſeneſs of thought have no fur. 
ther uſe in this caſe, than to diſcover the fallacy 
of thoſe ſophiſms, wherein infidel writers en- 
deavour to overcloud the moſt apparent truths, 
The plain man needs no aſſiſtance here from the 
33 philoſopher, 


* 
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philoſopher, but may ſay to him, as Diogenes did 
to Alexander, Only pleaſe to ſtand out of my 
ſunſhine. “ ty 
IIntelligence is manifeſted two ways, either 
by means ſupplied to anſwer the end we conceive 
to have been had in view, though we do not diſcern 
the method by which they were prepared; or elſe 
by the contrivance apparent in productions, though 
we do not ſce what end they anſwer : the former 
more particularly give us the difplay of providence, 
the latter of the wiſdom wherewith 1t is admini- 
ſtered. | 

If you ſaw a houſe ſtored with furniture, uten. 
fils, and victuals ; the gardens planted with herbs 
and fruit trees; the grounds ſtocked with cows, 
horfes, deer, and poultry, all in a manner fitted 
for the entertainment and convenience of a family; 
you would certainly conclude, there was ſome 
maſter who had taken care to provide for the uſes 
whereto they were refpectively proper. Or if an 
1gnorant perſon went into a room, where among 
ſcales, weights, compaſſes, rules, and other things of 
common uſe, he ſhould find quadrants, theodolets, 
armillary ſpheres, planetariums, tellurians, &c. 
&c. of whoſe uſe, as well as of the figures upon 
them, he was entirely 1gnorant; 'yet he would 
know without being told, that they were the works 
of ſome artificer proceeding with ſkill and con- 
tri vance, and who made them for purpoſes worthy 
rhe care with which they were finiſhed. | 

In this manner we. conſtantly reaſon upon 
common occaſions, and there wants only a proper 
attention to lead us into the like train of thinking 
upon the phenomena of viſible nature. For there 
you may perceive ample proviſion made in vaſt 
variety for the numerous tamily of Adam; corn, 

| fruit, 


* Tucker's Light of Nature, vol, 3, part 1, page 192. | 
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fruit, herbs, cattle and fowl, for our ſuſtenance; wool, 

flax, and cotton, for our cloathing; drugs and Run: 
ples for our relief; air for our breathing ; timber, 
ſtone, lime, and brick-carth, for our habitat ion; 
wood and coal for our firing; beaſts of burden for 
our aſſiſtance; winds to purify our atmoſphere, to 


refreſh our heats, and waft us from ſhore to ſhore; 


variety of climates and ſoils to bear us a produce 
of every kind; dews and rains to make them yield 
us their increaſe. The ſea, that original ſource 
of water, ſo neceſſary to us for many uſes, ſerves 


likewiſe to aſſociate diſtant nations by opening 


the communication of commerce. The ſun dif- 
fuſes his warmth and light to cheriſh us. The 
diſtant ſtars guide us over the boundleſs ocean, 
and the inhoſpitable deſert; extend the fields of 
ſcience to an immenſity of ſpace, and turn the 


rugged brow of night into a cheartul ſcene of con- 


templation. 

Even within the narrow compaſs of. our own 
bodies, we carry about no inconſiderable ſtores, 
without which we could not receive benefit from 
thoſe. around us. We have engines of digeſtion 
and ſecretion, ſprings and channels of circulation, 
limbs for inſtruments of action, bones for our ſup- 
port and protection, organs of ſpeech for our mu- 


tual intercourſe. What a multitude of veſſels, 


glands, and ducts, to concoct and diſtribute our 


aliment! What artificial ſtructure and excellent 


diſpoſition of muſcles and joints to ſerve for in- 
ſtruments of action! What amazing nicety in 
the organs of ſenſe! The eye with her humours 
and coats mathematically arranged, and duly pro- 


portioned one among the other; the ear in wind- 
ing modulating the vibrations of air into ſounds ; 


the nerves in imperceptible threads running every 
where through the Hetſhy. parts, yct returning their 
notices without impediment from the furtheſt ex- 
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tremities of our limbs! And all this complicated 


machine, containing an infinitude of multiform 
works, is bound up in a ſmall compaſs, yet with 
ſuch ſtupendous fkill, that they do not interfere 
with each other's operations, nor fall into diſcord 
upon our motions! 

We have appetite to ſtimulate, ſenſes to in- 
form, the faculties of comparing, diſtinguiſhing, 


| judging to enlighten, and reaſon to direct us. In 


the capacity of our ſenſes and affections, we have 
ſources of pleaſure, enjoyment, and innocent mirth. 
In the multitude of the objects of creation, 
we find a proviſion made and ſuited to our various 
organs, taſtes, and faculties, a fund for bodily ſup- 
port, ſubjects for intellectual inquiries and mental 
gratification. ©* Which ſhall we admire moſt, the 
multitude of our organs, their finiſhed form and 
faultleſs order, or the power which the mind ex- 
erciſes over them? Ten thouſand veins are put into 
her hands, and yet ſhe manages and conducts them 
all without the leaſt perplexity or irregularity, 
with a promptitude, a conſiſtency, that nothing 
elſe can equal; touching every ſpring of the hu- 
man machine with the moſt maſterly ſkill, though 


| ſhe knows nothing of the nature of her inſtrument, 


or the proceſs of her operation. 

If you turn your eyes upon the . 
tribes, you perceive them, in countleſs multitudes 
of trees, ſhrubs, weeds, moſſes, &c. each grow- 


ing, ſpreading, and flouriſhing, by laws adapted to 
it's own kind; and all worked with ſuch exactneſs 


and nicety of art, as the greatcſt human ingenulty 
could not imitate; their ſap veſſels curioufly woven 
within the ſtem, and diſperſed among the roots 


and branches; their leaves wrought finer than 


needle-work. The fineſt works of the loom and 
the needle, when examined with a microſcope, ap- 


pear ſo rude and coarfe, that a ſavage might be 
aſhamed 
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aſhamed to wear them: but wh the work of God 
is brought to the ſame teſt, we ſee how fibres, 
too minute for the naked eye, are compoſed or 
others ſtill more minute; and theſe again of others; 
till the primordial threads, or firft principle of the 
texture, are utterly undiſcernable ; while the whole 
i ſubſtance preſents a celeſtial radiance in it's co- 
louring, as if it were intended for the eee 
of an angel. 

Vet are theſe wonders of the vegetable world 
ſurpaſſed by thoſe of the animal, whoſe frame con- 
tains a more complicated machinery, capable of 
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8 more admirable play: for beſides the engines of | 
- growth and nutriment analagous in both, the ani- 

| mal 1s furniſhed with organs of ſenſation, and in- 

e ſtruments of activity. What a richneſs of invention 

d is diſplayed in the variety of their forms, and 

— the diverſity of their cloathing.— Nor can we K 
help remarking thoſe ſurpriſing inſtincts that ſe- 
n verally guide them to their harbours, their foods, | 
a their ways of breeding and preſervation, inſtruct 

g them to build their neſt, to make their comb, 

= to ſpin their webs, and provide for the future 

without knowledge of their wants. 

, Nor muſt we omit the uſes and qualities 

; aſſigned to animals, that we can turn commodi- 

e ouſly to our advantage; we have not to ſeek our 

. wool from the fierce lion, nor want the untame- 

— able tyger to plow our grounds; but the ox, the 

0 horſe, and the ſheep, have docility and manage- 

ls ableneſs given them for their characteriſtics. 

* Creatures ſaleable in the market are more prolific 

n than thoſe of the ſavage kind. Poultry and rab- 

(3 bits keep within their accuſtomed purlieus; but 

n nobody knows where to find the coarſe-grained 

id heron, or the worthleſs cuckoo.* 

# ; O Lord, 

d 


* Rev. W. Jones's Sermons, vol. 2, P · 63. 
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O Lord, bow manifold are thy works in Wi. 


dom haſt thou made them all ; the earth is full of 


thy riches! All creatures wait upon thee, that thou 
mayeſt give them their meat in due ſeaſon. When 
thou « giveſt it them they gather it, and when thou 
epeneſt thine hand they are filled with good. How 
great and beautiful is this idea! The hand of man 
ſcatters food to the few creatures that are about him; 
but when the hand of God 1s opened, a world is fed 
and ſatisfied.* 

Endleſs are the inftances which might be here 
brought forwards as evidences of a ſuperintending 
providence. I thall however only mention another 
inſtance, namely, that of adapting cauſes, acting 
blindly through a long ſeries of operation, yet ac- 
ting with ſuch wonderful exactneſs, that things are 
brought into the ſame admirable order, as it each 
had been acted on immediately by an intelligent 
band. This inſtance is of ſuch importance, fa 
heightens our idea of the contrivance of the A.- 
mighty, and at the ſame time ſo effectually over- 
turns many of the objections of minute philoſophers, 
that I ſhall endeavour to place it before you ina 
ftrong and clear light. 

Every one is ſenſible that there is much con- 
trivance and art in a common watch; not that he 
thinks that there is any ſkill or underſtanding in 
the parts thereof, combining to point out the hour 
and minute; for he knows that all their movements 
follow neceſſarily from the number of the teeth, 
their ſituation, &c. and that the numbers muſt have 
been calculated, the form given to the teeth, &c. 
&c. by ſome ſkilful artiſt. Now ſuppoſe him 
carried down into a mine, where he found an en- 
gine that collected the metallic particles from their 


ores, 


F Rev. W. Jones's Sermons, vol, 2, p. 104. 
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ores; worked them up into ſprings, and wheels, and 
dial plates, and hands; and diſpoſed them ſo as to 
form a perfect watch, all by a mechanical opera- 
tion; he will alter his opinion, and ſtand convin- 
ced, that watches might be made without hands, 
by a blind mechaniſm, proceeding without thought 
or contrivance of the work it performed. But 
though he loſt his idea of ingenuity being requiſite 
for making watches upon ſeeing them generated by 


mechanical cauſes, he would be ſatisfied, | a much 


greater muſt have been employed in conſtructing 
the engine, than he had judged needful, while he 
confidered them as made by hand, with hammers, 


files, pincers, and other inſtruments of the trade. 


lt may be here objected, that this is a romantic 
ſuppoſition, for that nobody ever faw an engine 


that will make watches. This is true, nobody ever 
yet ſaw ſuch an engine, nor I beheve ever will; for 


it would require much greater ſkill to contrive, 


than the ſons of men are maſters of: nevertheleſs 


we have all ſeen engines that have brought to per- 
fetion work more curious and admirable. _ 
Examine a fruit or a ſeed, and you will find it 
nicely enveloped in ſeveral teguments, furniſhed 
with fibres and juices ranged in their exact order, 
provided with ſprings capable of expanding into 
item, branches, and leaves, of one particular form 
and contexture.. The plant that bears it, may be con- 
ſidered as an engine, fitted with roots to gather the 
nutritious particles from the earth; ſap veſſels to 
concoct and circulate the juices; twigs to work 


them into a bud or flower, for perfecting. this ſur- 


prizing machine. 


_ Conſider the body of a fowl, what an abun- 


dance of work it contains, adapted for carrying on 
the buſineſs of digeſtion, circulation, and animal 


motion, in greater art and variety than any clock. 


work that ever yet was made by human contri— 


Vor. IV. P vance. 
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vance. What then is an egg, but an engine con- 
ſtructed to faſhion all theſe complicated works, and 
arrange them in their proper order? or what elſe 
the matrix of the parent bird, beſides another en- 
gine contrived for making eggs? 

Indeed the whole ſyſtem of nature may be 


conſidered as a ſtupendous engine, containing, be- 


ſides the works appropriated to the generation of 
organized compoſitions, a countleſs multitude of 
others, properly fitted and diſpoſed to aſſiſt in car- 
rying on the plan of vegetation and vital engines, 
all conſpiring in their ſeveral z/es to carry on the 
general plan of divine providence. 

If you conſider this matter properly, you will 
ſoon be convinced, that this prolific principle is 
not from the ſeed, nor from the ſun, but from 
God the Creator, and that not only when created 
at firſt, but continually afterwards; for /upport 
is perpetual creation, as ſubfiſtence is perpetual ex- 
iſtence. ns e 

Each of the links that compoſe the mighty 
chain of nature, while it connects, illuſtrates thoſc 
that border next upon it, and diſplays the wi/don 
of the Creator both in it's own frame and ſtate, 
and the connections it holds with the orders above 
and below it. | 

The continued ſupport, the conſtant preſerva- 
tion, and repeated renovation of creatures both 
rational and irrational, animate and inanimate; 
their regulararrangement, and exact adaption to their 
reſpective ſituations, evince a ruling government 
and ſupreme governor, and that the whole unt- 
verſe of being is connected, comprehended, and 
pervaded by the influence of our, God. 

Fou will hence alſo perceive the error of 
thoſe who reſolve 'nature into mere mechanical 
operations, as if nature could operate of her{dt 
to produce effects: for you have ſeen it cleatl) 

| © proved, 
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proved, that there is no operation in nature, but 
what is carried on under the influence and direc- 
tion of the Supreme Being; that there is no infe- 
rior agent but what is ſubject to the controul of 
a merciful and all wiſe God, the real and living 
operator by the ſubjects of the material world. 

As well might you ſuppoſe light and heat 
equally and regularly diſpenſed, as at preſent, «© with 
ſun and ſtars in mid-ſea ſunk,” as to ſuppoſe na- 
ture living withour a principle of life and being; 
flowing from no fountain. The whole ſeries of 
cauſes and effects proves, that nature has no will of 
it's own to guide 1t's motions or direct it's courſes. 
Does the ſun know when to riſe? or does the ſea 
preſcribe to itſelf it's juſt limits how far it ſhall go, 
and no farther? | 5 
Ihe more you contemplate the vaſt concur- 
rence of cauſes that join in producing the feve- 
ral operations of nature, the more eaſily will you 
be ready to believe with Plato, that the whole 
world is one tiſſue of cauſes and effects, wherein 
nearly, or remotely, every thing has an influence 
upon every thing; and thence conclude, that the 
young ravens are fed, and the lilies of the field 
arrayed in the glory of Solomon, by divine proviſion; 
and that of two ſparrows which are ſold for a 
farthing, not one of them falleth to the ground, 
not a hair is loſt out of the number upon our heads, 
without the permiſſton or appointment of our 
HeavenLy: FATHER." 25 
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Or TRE FixtD STARS. 


No part of the univerſe gives ſuch enlarged 
ideas of the ſtructure and magnificence of the hea- 
vens, as the conſideration of the number, magni- 
tude, and diſtance of the fixed ſtars 

We admire indeed, with propriety, the vaſt 
bulk of our own globe; but when we conſider how 

much it is ſurpaſſed by moſt of the heavenly bo- 

dies, what a point it degenerates into, and how 
little more even the vaſt orbit in which it revolves 
would appear, when ſeen from ſome of the fixed 
ſtars, we begin to conceive more juſt ideas of the 
extent of the univerſe, and the boundaries of 
"Eran. 

The moſt conſpicuous and brighteſt of the 
fixed ſtars of our horizon is Sirius. The earth, in 
moving round the ſun, is 190 millions of miles 
nearer to this ſtar in one part of it's orbit, than in 
the oppoſite; yet the magnitude of the ſtar does 
not appear to be in the leaſt altered, or it's diſ- 
tance affected by it; ſo that the diſtance of the 
fixed ſtars is great beyond all computation. The 
unbounded ſpace appears filled at proper diſtances 
with theſe ſtars, each of which is probably a ſun, 
with attendant planets rolling round it. In this 
view, what, and how amazing, is the ſtructure of 
the univerſe ! 

Though the fixed ſtars are the only marks by 
which aſtronomers are enabled to judge of the 


courſe of the moveable ones, and we have 1 
5 "> Chew 
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their relative poſitions do not vary; yet this aſſer- 


tion muſt be confined within ſome limits, for many 


of them are found to undergo particular changes, 
and perhaps the whole are liable to ſome peculiar 
motion, which connects them with the univerſal 
ſyſtem of created nature. Dr. Herſchel even goes 
ſo far as to ſuppoſe, that there is not, in ſtrictneſs 
of ſpeaking, one fixed ſtar in the heavens ; ; but 
that there is a general motion -of all the ſtarry 


ſyſtems, and conſequently of the ſolar one among 


the reſt. 

There are ſome ſtars, whoſe ſituation and place 
were heretofore known, and marked with pre- 
ciſion, that are no longer to be ſeen; new ones 
have alſo been diſcovered, that were unknown to 
the ancients, while numbers ſeem gradually to 
vaniſh. There are others which are found to have 
a periodical increaſe and decreaſe of magnitude ; 


and it is probable, that the inſtances of theſe chan- 


ges would have been more numerous, if the an- 
cients had poſſeſſed the ſame accurate means of 
examining the heavens, as arg uſed at preſent. 
| New ſtars offer to the mind a phenomenon 
more ſurprizing, and leſs explicable, than almoſt 
any other in the ſcience of aſtronomy; I ſhall 


ſelect a few inſtances of the more remarkable ones, 
for your inſtruction : a conſideration of the chan- 


ges that take place, at ſo immenſe a diftance as 
the ſtars are known to be from you, may elevate 
your mind to conſider the immenſity of His power, 
who regulates and governs all theſe wide extend- 
ed motions; * who hath meaſured the waters in 
the hollow of his hand, and meted out heaven 


| with a ſpan.” 


i Who turns his eye, on nature's midnight face, 
What hand behind the 


T3 | | What 


Koene, 
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What ARM ALMIGHTY, put theſe wheeling globes 
In motion, and wound up the vaſt machine: eo? 


It was a new ſtar diſcovered by Hipparchus, 
the chief of the ancient aſtronomers, that induced 
him to compoſe a catalogue of the fixed ſtars, that 
future obſervers might learn from his labours, whe- 
ther any of the known ſtars diſappeared, or new 
ones were produced. The ſame motives engaged 
the illuſtrious Tycho Brahe to form, with unre- 
mitting labour and aſſiduity, another new catalogue 
of the ſtars. | 

Of new ſtars, the firſt of which we have a 
good account, is that which was diſcovered in the 
conſtellation of Caſſiopea, in the month of Novem- 
berof the year 1572, a time when aſtronomy was 
ſufficiently cultivated, to enable the aſtronomers 
to give the account with preciſion. It remained 
viſible about ſixteen months; during this time, it 
kept it's place in the heavens, without the leaſt 
variation. It had all the radiance of the fixed 
ſtars, and twinkled like them; and was in all re- 
ſpects like Sirius, excepting that it. ſurpaſſed it 
in brightneſs and magnitude. It appeared larger 
than Jupiter, who was at that time in his perigee; 
and was ſcarce leſs bright than Venus. 

It was not by degrees that it acquired this 
diameter, but ſhone forth at once of it's full ſize 
and brightneſs, as if of inſtantaneous creation. It 
continued about three weeks in full and entire 
ſplendor, during which time it might be ſeen 
even at noon day, by thoſe who had good eyes, 
and knew where to look for it. Before it had 
been ſeen a month, it became viſibly ſmaller, and 
from thence continued diminiſhing in magnitude 


till March, 1574, when it entirely diſappeared. 


As it decreaſed in ſize, it varied in colour; at 
firſt, It's light was white, and extremely bright; 
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it 1 became yellowiſh, afterwards of a ruddy 


colour, like Mars; and finiſhed with a pale livid 


white, reſembling that of Saturn. 


In 1596, Fabricius obſerved a new ſtar in the 


neck of the Whale: he firſt ſaw it in Auguſt, and 


it n «order in October of the ſame year. In 
1637, 

1 knowing that it had been ſeen before, 
took it for a new diſcovery: he watched it's place 
in the heavens, and ſaw it appear again the ſuc- 
ceeding year, nine months after it's diſappear- 
ance. It has been ſince found to be every year 
very regular in it's period, except that in 1672 it 
was miſſed by Hevelius, and not ſeen again till 
1676. Bullialdus having compared together the 
obſervations which had been made of it from 
1638 to 1666, determined the periodical time 
between this ſtar's appearing in it's greateſt 
brightneſs, and returning to it again, to be 333 
days; obſerving further, that this ſtar did not ap- 
pear at once in it's full magnitude, or bright- 


neſs, but by degrees arrived at them. He alſo 


framed an hypotheſis, to account for theſe periodic 
changes. 

Three changeable, or re-apparent ſtars have 
been diſcovered in the conſtellation of the Swan; 
the firſt was ſeen by Janſonius, in 1600; the 
ſecond was diſcovered in 1670; the third by Kir- 
chius, in 1686. 

In the latter end of September, 1604, a new 
ſtar was diſcovered near the heel of the right foot 
of Serpentarius. There were in that part of the 
heavens, at that time, the three ſuperior planets, 
which ſo engaged the attention of aſtronomers, 
that no appearance thereabouts could have long eſ- 
caped them. Kepler, in deſcribing it, ſays, that ir 
was preciſely round, without any kind of hair, or 

of tall; 


hocyllides Holwarda obſerved it again, 
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tail; chat it was s exactly like one of the . IF 
cept that in the vividneſs of it's luſtre, and the 
quickneſs of .it's ſparkling, it exceeded any thing 
he had ever ſeen before. It was every. moment 
changing into ſome of the colours of the rainboy, 
as yellow, orange, purple, and red ; though it was 
generally 20 hie, when it was at (ne diſtance from 
the vapours of the horizon. Thoſe in general who 
ſaw it, agreed that it was larger than any other fix- 
ed ſtar, or even any of the planets, except Venus: 
it preſerved it's luſtre and ſize for about three 
weeks; from this time it grew gradually ſmaller. 
Kepler ſuppoſes that it diſappeared ſome time be- 
tween October, 1605, and the February following, 
but on what day is uncertain. 

HhHeſides theſe ſeveral re- apparent ſtars, ſo well 
characterized and eſtabliſhed by the earlieſt amon 

the modern aſtronomers, there have been many i 
covered ſince, by Caſſini, Maraldi, and others; 

Mr. Montanere ſpeaks of having obſerved. above 
one hundred changes among the fixed ſtars. 


PROPER Morrow or THE STARS. 


Many ſtars have hed found to alter their po- 


Kiten with reſpect to thoſe to which they were 


adjacent, and this change of poſition has been 
termed the proper motion of the ſtars. 

The proper motion of Sirius, Caſtor, Procyon, 
Pollux, Regulus, Arcturus, and Aquilz, in 100 
years in right aſcenſion, are reſpectively, 1 minute, 
3 ſeconds ; 1 minute, 28 ſeconds; 1 minute, 33 ſc- 
conds; 41 ſeconds; 2 minures, 20 ſeconds; and 57 
ſeconds; The proper motion of Sirius in declination, 
in a century, is 2 minutes; and of Arcturus is 3 
minutes, 21 ſeconds, both tending. to the ſouth. 
Ihe apparent - brightneſs of ſome of the fixed 


ſtars is obſerved to be periodic. The ſtar Algo., 
| in 
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in Meduſa's head, has been obſerved* long ſince to 3 


appear of different magnitudes, at different times. 
The period of it has been lately ſettled by J. Good- 


rick, Eſq. of York. It periodically changes from 


the firſt to the fourth magnitude; the time em- 
ployed from one greateſt diminution to the other, 
was, anno 1783, at a mean 2 days, 20 hours, 49 mi- 
nutes, 3 ſeconds. The changes are thus: during 

four hours it gradually diminithes in luſtre ; during 
the ſucceeding four hours, it recovers it's firſt mag- 
nitude by a like gradual increaſe; and during the 
remaining part of the period, namely, 2 days, 12 
hours, 49 minutes, 3 ſeconds, 1t invariably pre- 
ſerves 1t's greateſt luſtre; after the expiration of 
which term, the diminution again COMMENCES. 

The cauſes of theſe appearances cannot be aſ- 
ſigned at preſent, with any degree of probability; 
perhaps they have ſome analogy to the ſpots on the 
Jun, which at. ſome times appear in greater num- 
bers than at others, ſome of them bigger than the 
whole earth; or perhaps they are owing to ſome real 
motions of the ſtars themſelves. 

There are ſeveral ſtars that appear nage to 
the naked eye, which are, on examination witha tele- 
ſcope, found to confiſt of two, three, &c. The 
number of double ſtars obſerved before the time of 
Dr. Herſchel, was but ſmall; but this celebrated 
aſtronomer has noted upwards of four hundred; 
among theſe, ſome that are double, others that 
are treble, double double, quadruple, double treble, 
and multiple ; his catalogue gives the comparative 
ſize of theſe ſtars, their colour as they appeared to 
him, wich ſeveral other very curious particulars. ' 


HerscneL oN THE CONSTRUCTION OF THE 
UNIVERSE. 


Before I leave the ſubje& of the fixed ſtars, 
I ſhall endeavour to give you an account of Dr. 
. . a $ 
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Herſchel's ideas of the conſtruction of the univerſe. 
Former aſtronomers had ſuppoſed, that our ſun, 
beſides occupying the center of his own ſyſtem, 
was alſo the center of the univerſe; and that the 
fiderial heavens might be properly repreſented on 
the concave ſurface of a ſphere : but theſe are ill 
adapted, ſays the Doctor, for a delincation of the 
interior parts of the heavens. Being able to penc- 
trate into theſe regions by means of large tele- 
ſcopes,* we may now conſider them as a naturaliſt 
regards a rich extent of ground, or a chain of 
mountains, containing /rata variouſly inclined and 
directed, and compoſed of very different materials. 
He gives ſtrong reaſons, deduced from a ſeries of 
obſervations, as well as 'confiderations drawn from 
analogy, to prove that the viſible ſyſtem of nature, 


which we call he univerſe, conſiſting of all the ce- 


leſtial bodies, and many more than can be ſeen by 
the naked eye, is only a group of ſtars, or ſuns, with 
their planets, conſtituting one of thoſe patches cal- 
led a nebula; and this is, perhaps, not one ten 
thouſandth part of the univerſe. 

Dr. Herſchel found that his Iarge teleſcope 
completely reſolved the whitiſh appearance of the 
Via Lactea into ſtars. Having viewed and guaged 
this bright zone in all directions, he found it com- 
poſed ot ſhining ſtars, whoſe number conſtantly in- 
creaſes and diminiſhes, in proportion to it's appa- 
rent brightneſs to the naked eye. There is, ſays 
he, no doubt but that the milky way is a moſt ex- 
tenſive ſtratum of ſtars of various ſizes, and that 
our ſun is one of the heavenly bodies belonging to 
it. 

The borclen of the milky way that he firſt 
obſerved, was that about the hand and club of 

Orion; 


* Dr. Herſchel's obſervations, on which this theory is found- 
ed, were made with a Newtonian refleftor, of 20 feet focal 
Icrgth, and an aperture of 18 inches, 
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Orion; here he found an aſtoniſhing multitude of 
ſtars, which he attempted to number; by eſtimat- 
ing the number contained in the field of his tele- 
ſcope at once, and computing from a mean of theſe, 
how many might be contained in a given portion 
of the milky way, in the moſt vacant places about 
that part, he found 63 ſtars; other fix fields con- 
tained 110, 60, 70, 9o, 70, and 74 ſtars; a mean 
of theſe gives 79 for the number of ſtars in each 
field: ſo that allowing 15 minutes for the diameter 
of his field of view, a belt of 15 degrees long, and 
2 degrees broad, could not contain leſs than 50,000 
ſtars, large enough to be diſtinctly numbered; be- 
ſides which, he ſuſpected twice as many more, 
which could be ſeen only now and then by faint 
glimpſes, for want of ſufficient light. 

It is very probable, that the great ſtratum, cal- 
led the milky way, is that in which the ſun is 
placed, though not in the very center of it's thick- 
neſs. This 1s gathered partly from the appear- 
ance of the galaxy, which ſeems to encompaſs 
the whole heavens, as it certainly muſt do, if the 
fun is within the ſame. For, ſuppoſe a number 
of ſtars arranged between two parallel planes, in- 
finitely extended every way, but at a given con- 
ſiderable diſtance from each other, and calling 
this a /fiderial ſtratum, an eye placed ſomewhere 
within it, will ſee all the ſtars in the direction of 
the planes of the ſtratum projected into a great 
circle, which will appear lucid on account of 
the accumulation of the ſtars; while the reſt of 
the heavens, at the ſides, will only ſeem to be 
ſcattered over with conſtellations, more or leſs 
crowded, according to the diſtance of the planes, 
or numbers of the ſtars, contained in the thickneſs * 
or ſides of the ſtratum. | 

If the eye were placed without the ſtratum, 
but at no very great diſtance, the appearance In | 
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the ſtars within it would aſſume the form of one 
of the leſſer circles of the ſphere: which would 
be more or leſs contracted, according to the dif. 
tance of the eye: if this was exceedingly increaſed, 
the whole ſtratum might at laſt be drawn into a 
lucid ſpot of any ſhape, according to the poſition, 
length, and height of the ſtratum. What has 
been inſtanced in parallel planes, may be eaſily 
applied to ſtrata irregularly bounded, and running 
in various directions; and thus, any kind of cur. 
vatures, as well as various degrees of brightneſs, 
may be produced in the projection. 

From appearances, he infers that the ſun is 
placed in one of the great ſtrata of the fixed ſtars, 
and very probably not far from the place where 
ſome ſmaller ſtratum branches out from it. Such 
a {ſuppoſition accounts for all the phenomena of 
the milky way with great eaſe and ſimplicity, 
while every ſtar in the ſtratum will have it's own 
galaxy, with only ſuch variations in form and 
luſtre, as may ariſe from their particular ſituation, 

There is, fays Dr. * Herſchel, a remarkable 
clearneſs and purity in the heavens, when we look 
out of our ſtratum at the fides, that is, towards 
Leo, Virgo, and Coma Berenices, on one ſide, and 
towards Cetus on the other; whereas the ground 
of the heavens becomes troubled, as we approach 
towards the length or height of it. Theſe troubl:d 
appearances are eafily to be explained, by aſcrib- 
ing them to ſome of the diſtant. ſtraggling ſtars, 
that hardly yield light enough to be diſtinguiſhed; 
but when we look towards the pole of our ſyſtem, 
where thre viſual ray does not graze along the fide, 
the ſtraggling flars of courſe wilt be very few in 
number, and therefore the ground of the heavens 
will appear much purer and more clear. 
Dr. Herſchel points out the methods where- 
by the ſun's place in the ſiderial ſtratum may be 

aſcertained, 
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naked eye. 
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aſcertained, but theſe demand more previous know- 


ledge than is neceſſary in an introductory Lecture 


like the preſent. After this, he lays down ſome 
ſuppoſitions on the ſubject, taking a point of view 
at a very remote period of time, and an immenſe 
diſtance of ſpace ; theſe for the ſame reaſon we 
ſhall leave untouched, and proceed to his view of 
the heavens from our own retired ſtation, in one 
of the planets, attending to a ſtar in it's great 
combination with numberleſs others; and in order 
to inveſtigate what will be the appearances from 
this contracted ſituation, let us begin with the 

The ſtars of the firſt magnitude, being in all 
probability the neareſt, will furniſh us with a ſtep 
to begin the ſcale. Setting off, therefore, with 
the diſtance of Sirius or Arcturus, for inſtance, 
as unity, we. ſhall at prefent ſuppoſe, that thoſe 
of the ſecond magnitude are at double, thoſe of the 


third at treble the diſtance, &c. Taking it for 


granted, then, that a ſtar of the ſeventh magni- 
tude (the ſmalleſt viſible to the naked eye) is 
about ſeven times as far as one of the firſt, it 


follows, that an obſerver who is incloſed in a 


globular cluſter of ſtars, and not far from the 
center, will never be able, by his naked eye, to 
ſee to the end of it; for ſince, according to the 
toregoing eſtimations, he can only extend his view 


to about ſeven times the diſtance of Sirius, it can- 
not be expected that his eyes ſhould reach the 


borders of a cluſter, which has perhaps no leſs 


than 5o ſtars in depth every where around him. 


The whole univerſe therefore, to an obſerver con- 
fined to unaſſiſted viſion, will be comprized in 


a ſet of conſtellations richly ornamented with 


icattered ſtars of all fizes. Or, if the united bright- 
neſs of a neighbouring cluſter of ſtars ſhould, in 
2 remarkably clear night, reach his fight, it will 


put 


* 
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put on the appearance of a ſmall, faint, whitiſh 
nebulous cloud, not to be perceived without the 
greateſt attention. Let us ſuppoſe him placed in 
a much extended ſtratum, or branching cluſter of 
millions of ſtars: here the heavens will not onl 
be richly ſcattered over with brilliant conſtel- 
lations, but a ſhining zone or milky way will be 
perceived. to, ſurround the whole ſphere of the 
heavens, owing to the combined light of the ſtars 
that are too remote to be ſeen; our obſerver's 
fight will be ſo confined, that he will imagine 
this ſingle collection of ſtars, though he does not 
perceive the thouſandth part of them, to be the 
whole contents of the heavens. Allowing him 
now the uſe of a common teleſcope, he begins to 
ſuſpect that all the milkineſs of the bright path, 
which ſurrounds the ſphere, may be owing to ſtars; 
he perceives a few cluſters of them in various 
parts of the heavens, and finds alſo that there is 
a kind of nebulous patches ; but ſtill his views are 
not extended to reach ſo far as to the end of the 
| ſtratum in which he is ſituated ;- ſo that he looks 
upon theſe patches as belonging to that ſyſtem 
which, to him, ſeems to comprehend every ce- 
leſtial object. He now increaſes. his power of 
viſion, and applying himſelf to a cloſer obſerva- 
tion, finds that the milky way is indeed no other 
than a collection of very ſmall ſtars : he perceives 
that thoſe objects, which had been called nebulæ, 
are evidently nothing but cluſters of ſtars; their 
number increaſes upon him; and whilſt he re- 
ſolves one nebula into ſtars, he diſcovers ten new 
ones that he cannot reſolve. He then forms the 
-1dea of immenſe ſtrata of fixed ſtars, of cluſters 
of ſtars, and of nebulæ, till going on with ſuch 
intereſting obſervations, he ſoon finds that all 
theſe appearances ariſe from the confined ſituation 
in which we are placed. Confined it may be jo 
| Y 
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jy called, though contained in no ſmaller a ſpace 
than what appeared before to be the whole region 
of fixed ſtars, but which now has aſſumed the ſhape 
of a crookedly branching nebula; not one of the 
leaſt, but probably very far from being the moſt 
conſiderable, of thoſe numberleſs cluſters that en- 
ter into the conſtruction of the heavens. Dr. Her- 
ſchel confirms theſe ideas by a ſeries of obſerva- 
tions, and thinks it will be found upon the whole, 
that this view, with all it's conſequential appear- 
ances, as ſeen by an eye incloſed in one of the 
nebulæ, is no other than a drawing from nature, 
wherein the features of the original have been 
cloſely. copied; and Dr. Herſchel hopes the re- 
ſemblance will not be called a bad one, when it 


ſhall be conſidered how very limited muſt be the 


pencil of an inhabitant of ſo ſmall and retired a 
{pot of an indefinite ſyſtem, in attempting the pic- 
ture of ſo unbounded an extent. „ 
In the moſt crouded parts of the milky way, 
he has had a field of view of 588 ſtars, and theſe 
continued for many minutes; ſo that in one quar- 
ter of an hour's time, not leſs than 116, ooo ſtars 
have paſſed through the field of his teleſcope: he 
endeavours to ſhew, that the powers of his tele- 
ſcope are ſuch, that it will not only reach the ſtars 
at 497 times the diſtance of Sirius, ſo as to diſtin- 
guiſh them, but that it alſo ſhews the united luſtre 
of the accumulated ſtars that compoſe a milky ne- 
buloſity at a far greater diſtance. From theſe con- 
ſiderations, it is highly probable, that as his 20 feet 
teleſcope does not ſhew ſuch a nebuloſity in the 
milky way, it goes already far beyond it's extent; and 
therefore a more powerful inſtrument would re- 
move all doubt, by expoſing a milky nebulofity be- 
yond the ſtratum, which could then no longer be 
miſtaken for the dark ground of the heavens, 155 
| To 
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i ohe, foregoing arguments, we may add the 
following, drawn from analogy. Dr. Herſchel ſays, 
that among the great number of nebulæ which 4 
has already ſeen, amounting to more than 900, 
there are many, in all probability, equally extenſive 
with that which we inhabit; and yet they are all 
ſeparated from each other by very conſiderable in- 
tervals. Some, indeed, there are, that ſeem to he 
double and treble; and though with moſt of them 
it may be, that they are at a very great diſtance 
from each other, yet he does not mean to ſay that 

there are no fuch conjunctions ; though there may 
be alſo ſome thinly ſcattered folitary ſtars, not yet 
drawn into ſyſtems ; their number cannot be very 


conſiderable : a conjecture that is abundantly con- 


firmed, in fituations where the nebulæ are near 
enough to have their ſtars viſible ; for they are all 
inſulated, and generally to be ſeen upon a very clear 
and pure ground, without any ſtar near them, that 
might be fuppoſed to belong to them: and though 
they may be often ſeen in beds of ſtars, yet from 
the ſize of theſe ſtars, we may be certain that they 
are much nearer to us than thoſe nebulæ, and be- 


long undoubtedly to our own ſyſtem. 
Tas OrIGIN of NEBULOUS STRATA. 


Dr. Herſchel thinks the nebula that we in- 
habit, has fewer marks of profound antiquity upon 
it than the reſt; having previouſly ſuppoſed that 
the condenſation of cluſters of ſtars is to be aſcri- 
bed to a gradual approach; the number of ages rhat 
muſt have paſt before ſome of the cluſters could be 
ſo far condenſed as they are at preſent, makes him 
naturally afcribe a certain air of youth and vigour 
to many very regularly ſcattered regions of our ſi- 

derial ſyſtem. There are many places, where he 


aſſerts that there is reaſon to believe, that the * 
1 


[ 
0 
f 
3 
ir 
ſe 


TE 


Om AsTRONOMY. - 225 


if we may judge from appearances, are now draw- 
ing towards various ſecondary centers, and will, in 
time, ſeparate into different cluſters, ſo as to occa- 
fon many ſub-diviſions. Our ſyſtem, after num- 
bers of ages, may be divided ſo; as to give riſe to a 
ſtratum of two or three hundred nebulz. 


Ax OpENING IN THE Heavens. 


Some parts of our ſyſtem ſeem to have already | 


ſuſtained greater ravages from time than others: 
in the body of the Scorpion, there 1s an opening, 
or hole, which is probably owing to this cauſe ; it 
is 4 degrees broad. | 


A PERFORATED NEBULA, OR RING OF STARS, 


Among the curioſities of the heavens, ſhould 
be placed a nebula that has a regular concentric 
dark ſpot in the middle, and 1s probably a ring of 
ſtars; it is of an oval ſhape; in the northern fide 
3 very faint ſtars may be ſeen, as allo one or two 
in the ſouthern: the vertices of the longer axis 
ſeem leſs bright, and not ſo well defined as the 
reſt, e 


PLantTakRy NEBULE. 


Theſe are ſo named from a ſingularity of ap- 
pearance, which renders it difficult to claſs them. 
Their light is ſo uniform and vivid, the diameters 
ſo ſmall and well defined, as make it improbable 
that they ſhould be common nebulz : if nebulæ, 
they muſt be compreſſed, and condenſed in the 
higheſt degree. . ä 

Though the words condenſation and cluſter 
often occur in the foregoing extract, we are by no 
means to infer that any of the celeſtial bodies, in 


„ 2 ; our 
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our nebula, are nearer to one another than we are 
to Sirius, Whoſe diftance is ſuppoſed to be not leſs 
than 38 millions of miles. The whole extent of 
the nebula being, in ſome places, near 500 times 
this diſtance, muſt be ſuch, that the light of a ſſar 
placed at it's extreme boundary, ſuppoſing it to fly 
with the velocity of 12 millions of miles every mi. 
nute, muſt have taken near 3000 years before it 
could reach us. 

| Theſe immenſe ſpaces, theſe numerous hoſts 
of ſyſtematic univerſes, are probably connected the 
one with the other. Like ſo many immenſe cir- 
cuſes, by the mutual contact of their circumam- 
bient ſpheres, they preſs each other: theſe aerca} 
atmoſpheres being alſo connected and interwoven 
together by an infinity of inſertions, conſtitute a 
celeſtial ſphere, which is again linked with others, 
till by an infinity of orbs they obtain a form, which 
is the origin and pattern of all forms, in which all 
the variegated ſiderial revolutions harmoniouſſy 
cencur to one and the ſame end; that of mutually 
ftrengthening and eſtabliſhing each other, and for- 
ming a celeſtial union. 


Or THz Teiscoplc APPEARANCE. OF THE PLANETS, 
Or THz SUN. 


« The obſervations which might with fullneſs 


of evidence confirm the opinion of, planetary er 
worlds, ſeem to be placed out of our reach, and calt, 
we can ſcarce hope to make our optical inſtruments deen 
ſufficiently perfect, to render the inhabitants there- their 
of viſible. to us. All, therefore, that we can do, 1s difap 
to examine if the planets are accommodated with — 

uc 


thoſe things which we are uſed to conſider as ne- 


ceſſary to animal exiſtence. Lands, ſeas, clouds, 
# Vapour, 
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vapours, and an atmoſphere, or body of air, are 
objects that we may expect to find on the face of 

an habitable world.“ 33 8 
By means of the teleſcope, we are enabled, in 
ſome meaſure, to aſcend into the celeſtial region, 
and view the ſun, moon, and ſtars, as they would 
appear to us if they were brought ſo many times 
nearer to us as the teleſcope magni fies; the light 
proceeding from the luminary we are looking at, 
being diminiſhed in the fame proportion. | 
The teleſcope is;one of thoſe diſcoveries, of 
which no idea could have been formed, previous 
to the period in which the Supreme Being was 
pleaſed to unveil to the human mind ſome of the 
myſterious powers of glaſs :. the importance of this 
diſcovery, and the extent to which 1t may be car- 
ried, ſtill lie hid among the ſecrets of infinite wiſ- 
dom. It is by this inſtrument more than by any 
other, that we have been led onward in our ad- 
vances towards a perfect knowledge of the heavenly 
bodies, and that aſtronomy has been raifed from 
little more than a catalogue of ſtars, into a ſcience. 
When we look at the ſun through a teleſcope 
even of moderate power, the eye being defended by 
a plece of coloured or ſmoked glaſs, nay, even by 
the naked eye, when guarded in the ſame manner, 
we diſcover on his ſurface many black, or rather 
leſs bright ſpots, of various ſizes and ſhapes. Some- 
times theſe ſpots will vaniſh in a very ſhort time 
after their firſt appearance; ſometimes they travel 
over his whole diſk, or viſible ſurface, from weſt to 
aſt, when they diſappear, and in twelve or thir- 
icen days they appear again, ſo as to be known, by 
their magnitude and figure, to be thoſe that had 
diſappeared before. Thoſe, however, which are of 
the longeſt continuance, do not appear to have 
much ſolidity of conſiſtence, for in a little time 
. J 
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they alſo vaniſh, and ome bright like the reſt of 
the ſurface. | 
The ſpots are more frequent at ſome periods lo 
than at others; in ſome years, the ſun's diſk has th 
for many months been perfectly free from them; po 
in others, he has for months been more or leſs ob- di 
ſcured by ſpots: the moſt remarkable phenomena 
of theſe ſpots, as obſerved by Schenier and Heve. pa! 
Iius, are as follow: 1. Every ſpot, which has a an) 
nucleus, or dark part, hath adds an umbra, or Th 
fainter ſhade, ſurrounding it. 2. The boundary the 


betwixt the nucleus and umbra is always difſtin& diſ 
. and well-defined. 3. The increaſe of a ſpot is WW ſtra 
gradual, the breadth of the 2 and umbra di- Wl {ce 
lating at the ſame time. 4. In like manner, the WI the 
decreaſe of a ſpot is mended; the breadth of the tot 
nucleus and umbra diminiſhing at the ſame time. 
5. The exterior boundary of the umbra never con- whe 
fiſts of ſharp angles, but is always curvilinear, how WW fide 
irregular ſoever the outſide of the nucleus may be. the) 
6. The nucleus of a ſpot, whilſt on the decreaſe, WI con 
often changes it's figure, by the umbra incroaching in 
irregularly | upon it, inſomuch that in a ſmall ſpace] thei: 
of time new incroachments are diſcernable, where- ing 
by the boundary between the nucleus and the un- the 
bra is perpetually varying. 7. It often happens !ipat 
that by theſe incroachments the nucleus of a ſpot WW #3 1 
is divided into two or more nuclei. 8. The nuclei the « 
of the ſpots vaniſh before the umbra. 9. Small matt 
umbræ are often ſeen without nuclei. 10. A large the { 
umbra is ſeldom ſeen without a nucleus in the mid- 
dle of it. 11. When a ſpot, which conſiſted of diſk, 
nucleus and an umbra, is about to diſappear, if it be in p 
nor ſucceeded by a facula, or ſpot, brighter than tht the t 
reſt of the diſk, the place it occupied is in a ver over 
little time not to be perceived. | a mic 


In the Philoſ. Tranſ. vol. Ixiv. the reader wil and \ 
find ſeveral curious obſervations on theſe ſpots, h 


Profeſſor Wilſon, and the Rev. Mr. Wolaſton. * 
tte 
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latter gentleman ſays, he once ſaw, with a twelve- 
inch reflector, a ſpot burſt to pieces, while he was 
looking at the ſun; the appearance was to him as 


that of a piece of ice, when daſhed on a frozen 


pond, which breaks to pieces, and ſlides in various 
directions. | 1 | | 

The ſpots are by no means confined to one 
part of the ſun's diſk, though we do not know that 
any have been obſerved about his polar regions. 
Though their direction is from eaſt to weſt, yet 
the paths they deſcribe in their courſe over the 
diſk, are excecdingly different, ſometimes being in 
ſtrait, lines, ſometimes in curves; at one time de- 
ſcending from the northern to the ſouthern part of 
the diſk, at other times aſcending from the ſouthern 
to the northern part. 


The larger ſpots, moſt of which exceed the 


whole earth in apparent magnitude, laſt a con- 
ſiderahle time, ſometimes three months before 
they diſappear, at which time they are generally 
converted into ſpots exceeding the reſt of the ſun 
in brightneſs. The general opinion concerning 
their nature is, that they are volcanoes, or burn- 
ing mountains of immenſe ſize; and that when 
the eruption is nearly ended, and the ſmoke diſ- 
lipated, the fierce flames are expoſed, and appear 
as luminous ſpots. D. Wilſon ſuppoſes them, on 
the other hand, to be excavations in the luminous 
matter (or atmoſphere) that environs the body of 
the ſun. - 5 3 
The diameter of a ſpot near the middle of the 
diſk, is meaſured by comparing the time it takes 
in paſſing over a croſs hair in a teleſcope, with 
the time wherein the whole diſk of the ſun paſſes 
over the ſame hair. It may alſo be meaſured by 
a micrometer. Hevelius obſerved a ſpot that roſe, 
and vaniſhed, in 16 or 17 hours. None have been 


obſerved to continue longer than 70 days. 


V3; Or 
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Or THE Moon, 0 
: | ˖ 
When we look at he moon with the naked 0 
eye, we diſcern a great number of irregular ſpots t 
on her diſk, diſtinguiſhed by their dark colour * 
from the brighter or more glaring parts; but 1 
when viewed through a teleſcope, their number 0 
is prodigiouſly increaſed; and it is perceived, that 
many of theſe appearances are occaſioned by vaſt ſo 
obſcure pits or cavities, and elevations or moun- W 
tains. The ſpots in the moon always keep their he 
places, not being moveable like thoſe of the ſun, T 
Sometimes more or leſs, of the northern, and th 
ſouthern, and eaſtern, and weſtern, part. of the ne 
diſk is ſeen, which 1s owing to what 1s called her BY 
libration. | | 01 
Theſe mountains and cavities are known to be 55 
ſuch, from the ſhadow they caſt. In the firſt and di 
ſecond quarters, when the light of the ſun falls * 
obliquely upon them, the elevated parts calt a aſt 
triangular ſhadow on the fide oppoſite to the ſun; al 
whereas, with reſpect to the cavities, theſe have an 
that ſide which is oppoſite to the ſun illuminated, a 8 
and that which is next the ſun is dark and ob- ch 
ſcure, the ſame as would happen to a holloy wh 
'baſon, placed on a table at ſome diſtance from a he 


candle, in a room where there is no other light, | 
The ſhadows ſhorten as the ſun becomes more It 
directly oppoſed to the anterior face of the moon, 
and at length diſappear at the time of the full. 
During the third and laſt quarters, the ſhadows 
appear again, but all fall towards the contrary 
ſide of the moon, though ſtill with the ſame dil 
tinction, namely, that the mountains are dark and 
ſhady on the fide. fartheſt from the ſun, and the 
its are dark on the fide next the ſun. | 

The full moon is a very pleaſing ſight throug! 


a teleſcope, and has a great variety of luſtre and 
Ry R | e 
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colour; but it is not the face on which to diſcover 


the mountains, theſe are beſt ſeen at the increaſe 


or decreaſe; for beſides the evidence derived from 
the ſnadows, we may then ſee the tops of theſe 
mountains catching the rays of the ſun before they 
reach that part of the ſurface on which their bot- 
toms are placed. NW 
On April 19, 1787, Dr. Herſchel obſerved 
ſome appearances on the ſurface of the moon, 
which, judging by analogy from things perceived 
here with us, he thought he might term volcanoes. 
Three of theſe he obſerved in different places of 
the dark part of the moon; two of them appeared 
nearly extinct, or going to break out; the third, 
as an actual eruption of fire, or luminous matter. 


On the 2oth it burnt with greater violence, and 


might be computed to be about three miles in 
diameter: the eruption reſembled a piece of burn- 
ing charcoal, covered by a thin coat of white 
aſhes; all the adjacent parts of the volcanic moun- 
tain were faintly illuminated by the eruption, 
and were gradually more obſcure as they lay at 
a greater diſtance from the crater. Dr. Her- 
ſchel had, in 1783, obſerved an eruption, ſome- 
what ſimilar to that of the foregoing volcano. 


Indeed an appearance of this kind had been ſeen 


before, by Don Ulloa, in an eclipſe of the ſun. 
It was a ſmall bright ſpot, near the margin of 
the moon, which he ſuppoſed to be a hole with 
the ſun's light ſhining through it. 

That the moon is ſurrounded by an atmo- 
ſphere, is rendered probable by many obſerva- 
tions of the ſolar eclipſes, in which the edge or 
limb of the ſun was obſerved to tremble juſt be- 


fore the beginning. The planets are likewiſe ob- 


ſerved to change their figure from round to oval, 


juſt before the beginning of an occultation be- 
hind the moon, which can be attributed to no 


Q 4 __ other 
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other cauſe than that their light is refracted by 


being ſeen through the moon's atmoſphere. That 
we ſee no clouds, will not appear ſurprizing, if 
we confider that the lunar days and nights are 
thirty times as long as our's; it will be eaſy to 
conceive, that with them the phenomena of va. 
pours may be very different from what they are 
with us; perhaps their clouds and rain, if any, 
may be condenſed into viſible quantities only dur- 
ing the abſence of the ſun, and of courſe when 
they muſt be inviſible to us. 

Mercury being at all times near the ſun, we 
can only diffinguiſh by the teleſcope a variation of 
his figure, which is ſometimes that of a half moon, 
ſometimes a little more or leſs than half. 

Venus, when in the form of a creſcent, and 
at her brighteſt times, affords a more pleaſing 
teleſcopic view than any other of the heavenly 
bodies; her ſurface is diverſified with ſpots, like 
thoſe of the moon; by the motion of theſe, the 
time ſhe takes up in revolving upon her axis is 
diſcovered. With a powerful teleſcope, moun- 
tains like thoſe in the moon may be ſeen. 
Mars appears always round and full, except 
at the time of the quadrature, when it's diſk ap- 
pears like that of the moon about three days after 
the full. By the ſpots which are ſeen on it's 
ſurface, it's diurnal revolution has been aſcer- 
rained. From it's characteriſtic ruddineſs, and 
from other phenomena, it has been ſuppoſed that 
it's atmoſphere is nearly of the ſame denſity with 

our's. Dr. Herſchel has obſerved two white lu- 
minous Circles ſurrounding the poles of this planet; 
theſe are ſuppoſed to ariſe from the ſnow lying 
about thoſe parts. 

The appearance of Jupiter through a tele- 


ſcope, opens a vaſt field for ſpeculative inquiry. 


The ſurface is not equally bright, but is diftin- 
guiſhed 
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guiſhed by certain bands, or belts, of a duſkier co- : 


jour than the reſt of the ſurface, running parallel 
to each other, and to the plane of 1t's orbit. They 
are not regular or conſtant in their appearance; 
ſometimes only one is ſeen, at other times eight 
have been ſeen; their breadth is likewiſe varia- 
ble, one belt growing narrow while another in 
it's neighbourhood becomes broader, as if one 
had flowed into the other; in this caſe an oblique 
belt has been obſerved to lie between them, as if 
for the purpoſe of forming a communication. 
Sometimes one or more ſpots are formed between 
the belts, which increaſe till. the whole 1s united 
in one large duſky band. There are alſo bright 
| ſpots to be diſcovered on Jupiter's ſurface; theſe 
are rather more permanent than the belts, and re- 
appear after unequal intervals of time. . The re 
markable ſpot, by whoſe motion the rotation of 
Jupiter on his axis was aſcertained, diſappeared 
in 1694, and was not ſeen again till 1708, when 
it re-appeared exactly in the ſame place, and has 
been occaſionally. ſeen ever ſince. The diſappear- 
ance and re-appearing of the ſpots is not ſo won- 
derful as the changes that have been obſerved 
in the belts; the elder Caſſini ſaw one evening 
five belts upon the planet, but while he was view- 
ing them, they underwent the moſt ſurprizing 
change. In an hour from their fulleſt appear- 
ance there remained only three out of five, and one 
of theſe ſcarce perceptible. The moſt remarkable 
teleſcopic appearance of this planet, are the ſatel- 
lites, but theſe I have particularly deſcribed under 
the head of /azellites. 5 | 
Though the great diſtance of the planet Sa- 
turn, and the tenuity of it's light, do not pers 
mit us to diſtinguiſh the varieties of it's ſurface; 
yet ſome of the firſt diſcoveries made by the tele- 
{cope were on this planet, and the ring is ſtill one 
I | 5 of 
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of the moſt curious phenomena we are acquaint- 
ed with. There is not, indeed, any thing in the 
whole ſyſtem of nature more wonderful than this 
ring, which appears nearly as bright as any part 
of the ſurface of the planet: by what means it is 
ſuſpended, or by what law ſupported ; whether it 
is only a bright but permanent cloud, or whether 
it is a vaſt number ot ſatellites diſpoſed in the 
-fame plane, whoſe blended light gives it to us the 
form of one continual body, we can only form 
crude conjecture, M. Meſſier has obſerved on 


the anfes of this ring, ſeveral luminous white 


_ twinkling points, dient in vivacity from each 
other. 

Sometimes our eye is in the plane of the ring, 
and then it becomes inviſible: as it's plane al- 
ways keeps parallel to itſelf, it diſappears twice 
in every revolution of the planet, that is, about 
once in 15 years; and he ſometimies appears quite 
round for nine months together. At other times 
the diſtance betwixt the body of the planet and 
the ring is very perceptible, inſomuch that Dr. 
Clarke's father ſaw a ſtar through the opening. 
When Saturn appears round, if our eye be in the 
plane of the ring, it will appear as a dark line 
acroſs the middle of the planet's diſk ; if the eye 
be elevated above the plane, a ſhadowy belt will 
be viſible; when the plane appears, the ring next 
the body is the brighteſt; when the ring appears 
of an elliptical form, the parts about the ends 
of the largeſt axis are called anſæ. Theſe, a lit- 
tle before and after the diſappearing of the ring, 
are of unequal magnitude. It has been ſuppoſed, 
that the ring has a rotation round an axis. 

: With very long telcfcopes two belts have 
been diſcovered on Saturn, which appear parallel 
to that formed by the edge of the ring; theſe are 
{aid to be permanent: Caſſini and Fatio \perceived a 


bright | 
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a bright ſtreak upon Saturn which was not per- 
manent, being viſible one day, diſappearing the 


next, when another came into view near the edge 


of his diſk. Beſides theſe there are it's five ſatel- 
lites mentioned under their proper head. 


Or CoMETS. 


Comets are a kind of ſtars, appearing at un- 
expected times in the heavens, and of ſingular 
and various figures, deſcending from far diſtant 
parts of the ſyſtem, with great rapidity, ſurpriſing 
us with the ſingular appearance of a train, or tail; 
and after a ſhort ſtay, are carried off to diſtant 
regions, and diſappear. 

They were imagined in ancient times to be 
prodigies hung out by the immediate hand of 
Gop in the heavens, and intended to alarm the 
world. Their nature being now better under- 
ſtood, they are no longer terrible. But .as there 
are ſtill many who think them to be heavenly 
warnings, porter» of future events, it may not 


be improper to inform you, that the Architect of the 


univerſe has framed every part according to divine 
order, and ſubjected all things to laws and regula- 
tions; that he does not hurl at random ſtars and 
worlds, and diforder the ſyſtem of thè whole glorious 
frame, to produce falſe apprehenſions of diſtant 


events, fears without foundation, and without uſe. 


Religion glories in the teſt of reaſon, of knowledge, 
and of true wiſdom; it is every way connected 
with, and is always elucidated by them. From 
philoſophy we may learn, that the more the works 
of the Lord are underſtood, the more he muſt 
be adored; and that his ſuperintendancy over 
every portion is more clearly evinced, and more 


fully 


—— — 
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fully expreſſed by their unvaried courſe, than by 
ten thouſand diviations. | 

The exiſtence of an univerſal connection be. 
tween all the parts of nature is now generally 
allowed. Comets undoubtedly form a part of this 
great chain; but of the part they occupy, and of 
the uſes for which they exiſt, we are equally ig. 
norant. It is a portion of ſcience whoſe perfec- 
tion is reſerved for ſome diſtant day, when theſe 
bodies and their vaſt orbits may, by long and ac- 
curate obſervation, be added to the known parts 
of the ſolar ſyſtem; when aſtronomy will appear 
as a new ſcience, after all our diſcoveries, great 
as we at preſent imagine them to be. 

The aſtronomy of comets is very imperfect ; 
for but little can be known with certainty, where 
but little can be ſeen. Comets afford few obſer- 
vations on which to ground conjecture, and are 
for the greateſt part of their courſe beyond the 


Teach of human viſion; but that they are not 


meteors in the air is plain, becauſe they riſe and 
ſet in the ſame manner as ther moon and ſtars; 
they are called comets, from Meir having a long 


tail ſomewhat reſembling the appearance of hair; 


fome however have appeared without this appen- 
dage, as well defined and round as planets. 

It 1s genarally ſuppoſed, that they are plane- 
tary bodies, making part of our ſyſtem, revolving 
round the ſun in extremely long elliptic curves; 
that as the orbit of a comet 1s more or leſs ex- 
centric, the diſtance to which they recede from 
the ſun will be greater or leſs. Very great dif- 
ference has been found by obſervation in this re- 
ſpect, even ſo great, that the ſides of the elliptic 
orbit in ſeme caſes degenerate almoſt into right 
lines. They are very numerous: 450 are ſuppoſed 
to belong to our ſolar ſyſtem. 

Thoſe comets, which go to the greateſt 

I diſtance 
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diſtance from the ſun, approach the neareſt to him 
at their return. | e 

Their motion in the heavens are not all di- 
rect, or according to the order of the ſigns, like 
thoſe of the other planets. The number of thoſe 
which move in a retrograde manner, is nearly 
equal to thoſe whoſe motion is direct. 

The orbits of moſt of them are inclined in 
very large angles to the plane of the ecliptic. 

The velocity with which they move is va- 
riable in every part of their orbit; when 'they 
are near the ſun, they move with incredible ſwift- 
neſs; when very remote from him, their motion 
is inconceivably ſlow. | 

When they appear, they come in a direct 
line towards the ſun, as if they were going to fall 
into his body: and after having diſappeared for 
ſome time, in conſequence of his extreme bright- 
neſs, they fly off on the other ſide as faſt as they 
came, continually loſing their ſplendor, till at laſt 
they totally diſappear. Their apparent magnitude 
is very different, ſometimes ſeeming not bigger 
than the fixed ſtars, at other times equal in dia- 


meter to Venus. Hevelius obſerved one in 1652, 


which was not inferior to the moon in ſize, though 
not ſo bright; it's light pale and dim, it's aſpect 
diſmal. | e 
A greater number of comets are ſeen in the 
hemiſphere towards the ſun, than in the oppoſite ; 
and arc generally inviſible at a ſmaller diſtance 
than that of Jupiter. Mr. Brydone obſerved one 
at Palmero, in July 1770, which, in 24 hours, 
deſcribed an arch in the heavens upwards of 50 
degrees in length; ſo that if it was far diſtant 
from the ſun, it muſt have moved at the rate of 
upwards of 60 millions of miles in a day. 
They differ alſo in torm from the other planets, 
conſiſting of a large internal body, which ſhines 
| | with 


- 
- 
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with the reflected light of the ſun, and is encom- 5 
paſſed with a very large atmoſphere, apparently 1 
of a finer matter, much refembling that of the 
aurora borealis; this ts called the head of the 8⁰ 
comet, and the internal part the nucleus. When » 
a comet arrives at a certain diſtance from the ſun, 
an exhalation ariſes from it, which is called the tail. 0 

The tail is always directed to that part of the 5 
heavens which is directly or nearly oppoſite to the . 
ſun, and is greater, and brighter, after the comet 10 
has paſſed it's perihelium, than in it's approach to ſs 
it; being greateſt of all when it has juſt paſt the hae 
perihelium. The tail of the comet of 1680 was 1 
of a prodigious ſize, extending from the head to a 5 
diſtance ſcarcely inferior to that of the fun from 17 
the earth. | | 


No ſatisfactory knowledge has been acquired 
concerning the cauſe of that train of light which 
accompanies the comets. Some philoſophers ima- th 
gine, that it is the rarer atmoſphere of the comet 


impelled by the ſun's rays. Others, that it is the " 

atmoſphere of the comet, rifing in the ſolar atmo- | 
ſphere by it's ſpecific levity ; while others imagine _ 
l that it is a phenomenon of the ſame kind with the F 
| aurora borealis; and that this earth would appear 5 
| like a comet to a ſpectator placed in another 4 
| | Planet. an 
The number of the comets is certainly very ou 
great, conſiderably beyond any eſtimation that _ 
_ be made from the obſervations we now poſ- foes 

els. | 
There are,* who do not think the preſent aſ- 2 
tronomy of comets well eſtabliſned; and that as ſo 45 
many ſmall ones are frequently ſeen, they think 

that nothing can be determined with certainty, ol 
till ſome better marks are difcovered for diſtin- 
| | guiſhing - 
ider 
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guiſning one from another, than any at preſent, 
known ; and that even the accompliſhment of Dr. 
Halley's prediction is uncertain : for it is very ſin- 
gular, that out of four years, in which three comets, 
appeared, the only one, in which no comet was to, 
be ſeen, ſhould be that very year in which the, 
greateſt aſtronomers that ever exiſted had foretold 
the appearance of one; and in accounting for it's 
non- appearance, Mr. Clairault would have been 
equally ſupported by cometic evidence ;* whether 
he concluded the comet to have been retarded or 
accelerated by the action of Jupiter and Saturn: a 
comet appeared in 1757, as well as in 1755, and 
had he determined the retardation of the comet to 
be twice as great as he did, another appearcd in 
1760 to have verified his calculations. 5 


8 


Or a PLukraLitry of WORLDS. 


The fixed ſtars are generally ſuppoſed to be of 
the ſame nature with our ſun, each of them attend-. 
ed by planets, which are inhabited. by- rational 
creatures like this earth. | 5 

nſtead, therefore, of one ſun, and one world, 
we find that the region of unbounded ſpace is peo- 
pled with ſuns, and ftars, and worlds. This opi- 
nion has been held and taught by many of the moſt 
celebrated philoſophers and aſtronomers, both in 
ancient and modern times: in this view of things, 
our ſyſtem reſembles a ſingle individual of ſome 
one ſpecies of being in outward nature, diverſified 
from all it's fellow individuals, by differences un- 
eſſential to the kind and ſpecies ; but which con- 
ſtitute that beauty, which ariſes from uniformity 
amidſt variety. x | 

That the fixed ſtars are ſuns, ſhining by their. 
ownlight, is probable, on account of their immenſe 

| 7 | diſtance 
There does not indeed feem any evidence to prove the 
identical return of the ſame comet, | 
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_ diſtance from us; for as it is impoſſible that at 
' theſe diſtances they could be ſeen by any reflection 
of light from the ſun, it is natural to ſuppoſe them 
endowed with a power of emitting light from their 


on bodies. By comparing the apparent diameter 


of objects at different diſtances, it is clear that our 
ſun would appear like a ſtar, were he removed to 


the diſtance at which they are placed; and that 


therefore it is truly reaſonable to ſuppoſe, that the 
fixed ſtars are equal, if not ſuperior in magnitude, 
to that which is the center of our ſyſtem; and that 
they are made for the ſame purpoſes with the ſun, 
to beſtow light, heat, and vegetation, on a certain 
number of planets revolving round them. 

Of their immenſe diſtance from us, and the 


vaſtneſs of the ſpace they occupy, the reader may 


form ſome idea, when he is told, that numbers 
amongſt them are at too great a diſtance to be ade- 
quately expreſſed by figures, and beyond the reach 
of admeaſurement; and this will be heightened, if 
he conſiders that the ſmalleſt of the. ſtars viſible to 
the eye are much more remote than the larger ones, 
and that the teleſcope diſcovers ſtars which are too 


_ diſtant to be perceptible to the naked eye: that 


the inſtrument, like our eyes, has it's limits; but 
the extent of the heavens has no bounds. | 
The fixed ſtars being ſo far removed from, and 
for the moſt part inviſible to us; it can ſcarcely be 
conceived by the narroweſt mind, that they form 
a part of our ſyſtem, or were created only to give 
a faint glimmering light to the inhabitants of this 
lobe: for one additional moon would have afforded 
us more light than the whole hoſt of ſtars ; ſuch an 
opinion is unworthy of our reaſon, inadequate to 
our conceptions of the Deity. It would be alſo ab- 
ſurd to ſuppoſe, that the author of nature had made 
fo many ſuns without planets, to be enlightened by 
their light, and vivified by their heat; but more ſo, 
a . to 
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to imagine ſo many habitable worlds enlightened 
by ſuns without inhabitants; we may, therefore, 
afely conclude, that all the planets, of every ſyſtem, 
are inhabited. TR PIT 5 
This reaſoning is ſtill further ſtrengthened, by 
conſidering the immenſity of the ſtarry heavens, 
in which are innumerable hoſts of ſtars, created as 
the means to ſome great end. From revelation we 
learn, that the ultimate end of creation is the 
peopling of heaven with men. Theſe reſplendent 
ſuns are clearly then the mediums of exiſtence to 
ſo many earths, and of men upon them, created to 
be happy eternally with their God, /he one eternal 
thirſt to bleſs.” © Every ſtar is thus the center of 
2 magnificent ſyſtem, attended by a retinue of 
worlds, irradiated by it's beams, and revolving 
wound by it's active influence.” Thus the great- 
neſs of God is magnified, and the grandeur of his 
empire made manifeſt. He is not glorified on one 
earth, or in one world, but in ten thouſand times 
ten thouſand. If we could wing our way to the 
higheſt apparent ſtar, we ſhould there ſee other 
kies expanded, other ſuns that diſtribute their in- 
exhauſtible beams of day; other ſtars, that gild the 
alternate night, and other (perhaps nobler) ſyſtems 
eſtabliſhed in unknown profuſion, through the 
boundleſs dimenſions of ſpace. Nor does the do- 
minion of the Sovereign of all things terminate 
here; even at the end of this vaſt tour we ſhould 
find ourſelves advanced no further than the fron- 
tiers of creation, the commencement of the great 
Jebovah's kingdom.“ | | 
This mode of reaſoning applies with greater 
force to the planets of our own ſyſtem, and gains 
additional ſtrength from other conſiderations. For 
Vol. IV. Canby | who 


E ervey's Meditations, 
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who would venture to aſſert, that infinite loye 
and conſummate wiſdom had formed ſuch im. 
menſe material maſſes, ſome of which excced our 
earth in ſize, convey them in revolutions round 
the ſun, furniſh them with meons, grant them 
the alternate changes of night and day, vici 
ſitudes of ſeaſons, and all this only to emit their 
ſcanty light on our earth, og 
Or who that has ſeen any engine, a windmil 
for inſtance, and who knows the uſe of it, if he 
travels into another country, and there ſees an en- 
| gine of the ſame ſort, will not reaſonably conclude 
hatit is deſigned tor the ſame purpoſe ? So when ve 
know that the uſe of this planet, the earth, is for 
an habitation of various ſorts of animals, and we 
ſee other planets at a diſtance from us, ſome bigger, 
ſome leſs than the earth, moving periodically 
round, revolving on their axes, and attended yith 
moons; is it not highly reaſonable to conclude, 
that they are all deſigned for the ſame uſe as thi 
earth is, and that they are habitable worlds like 
that we live in? 


« Who can conceive them 
— — ———— unpoſſeſs'd 
By living ſoul, deſert and deſolate, 
Only to ſhine, yet ſcarce to contribute 
Each orb a gleam of light?“ 


Or that the Almighiy, who has not left with us: 
drop of water unpeopled, who has in every inſtance 
multiplied the bound of life, ſhould leave ſuch im- 
menſe bodies deſtitute of inhabitants? It is ſurely 
much more rational to ſuppoſe them the poſſeſſion 
of human beings, beings formed with capacities 
for knowing, loving, and ſerving their Almighty 
Creator; bleſt and provided with every object con- 
ducive to their happineſs, and many of them ina 
far greater ſtate of purity than the inhabitants ol 

: | Our 
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our earth, and therefore in poſſeſſion of higher de- 
grees of bliſs, and placed in ſituations, furniſhing. 
them with ſcenes of joy, equal to all -that poetry. 
can paint, or religion promiſe : all under the di- 
retion, . indulgence, and protection of infinite wiſ- 
dom and goodneſs. * „ 1 
The more the heavenly bodies excite our aſ- 
toniſhment, from their ſize, their diſtances, the 
regularity of their motions, or any peculiarity or 
perfection we diſcover in thoſe attractions by which 
they ſeem retained in their places, the more clear. 
it is to any reaſoning head that they could not haye 
made themſelves : and that cloſe connection be- 
tween cauſe and effect, which the farther we ſearch 
the more clearly we diſcern, though it has ſtag- 
gered the faith of many a celebrated naturaliſt, is 
itſelf a proof, if he had not ſtopped ſhort of the 
concluſion, that all theſe muſt have been the con- 
trivance of conſummate wiſdom, and guided by 
an unerring hand. „ 
Yet at the ſame time he who ſees that every 
little corner on this earth of our's is replete with 
znimal life, though but one race on it ſeems to be 
endowed with reaſoning faculties, cannot but be 
led on to a conjecture at leaſt, that all thoſe vaſt 
bodies he diſcovers in the heavens may be peopled 
vith their gradations of inhabitants.likewiſe ; and 
that 1 them not improbably contains it's ra- 
tional beings too, to acknowledge and adore the 
Creator of them all. So far the heathen philoſo- 
pher may go: though, if he be a modeſt inquirer 
after truth, he will not dogmatize, or enter into 
any particular detail of what is ſo totally out of his 
reach. 55 | 
But the chriſtian may perhaps allow himſelf, 
not to dogmatize on his 2 but to carry his conjec- 
ä | tures 


» . 
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* See the Rev. Mr, Woolaſton's Reflections. 
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tures a few ſteps farther. Revolving in his ming 
what he acknowledges has been done for man, 
the only rational inhabitant he knows on our 
. earth; and conſidering that God has ſent ſome of 
his angels or meſſengers from time to time to 
declare his will to us; and has moreover ſent the 
Chriſt more fully to reveal it ; whatever others may 
think, he is ſatisfied thereby that however ſmall 
we are in this vaſt univerſe, we are not beneath the 
notice of the Ruler of it. Loſt in amaze at the 
greatneſs, and at the ſame time the goodneſs of the 
| Heiry towards us, will he not be led thereby into 
a more full acknowledgment of him, and more 
determined reſolution of obedience to his will? 
This feems but the rational reſult from ſuch a 
chain of thought. | | 
Yet, if that thought be purſued, ſince the in- 
habitants of the other planets of our ſyſtem, and of 
the many fyſtems there may be among the num- 
berlefs ſtars in the vaſt expanſe, muſt equally be 
objects of the Divine favour with ourſelves; and 
ſince the rational inhabitahts of ſome few or more 
among ſo many myriads, may have been found diſ- 
obedient ; is a man to blame for thinking that if 
they ſtand in need of reſtoration, they muſt be full 
as worthy of it as ourſelves; and may, for any 
thing that we know, have been already redeemed, 
or may yet be to be redeemed, when and in what 
way it ſhall be ſeen fitting by the Almighty Ruler 
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LECTURE XLV. 


On PRYSsIeAL AsTRONOMY. * 


HE cauſes of the celeſtial motions have in all 
ages been the objects of philoſophical curioſity. 

Men have generally conducted their refearches on 
this ſubject upon principles of analogy. Some re- 
ſemblances have been noticed between the motions 
of the celeſtial bodies, and other motions nearer 
at hand, and more familiar to us; and the ſame re- 
ſemblances have been ſuppoſed to exiſt between 
their cauſes. | „„ 

I ſhall notice four of theſe different reſem- 
blances, or analogies. | 

1. The motions of the heavenly bodies have 
been thought to reſemble the ſpontaneous motions 
of intelligent beings. Ariſtotle, Leibnitz, Tucker, 
Monboddo, and ſome others, both in ancient and 
modern times, have taught, that the planets were 
conducted by fpiritual intelligent beings. 

Though accounts of the celeſtial phenomena 
may be given by means of this reſemblance, that 
are chargeable with no falſe reaſoning ; yet as they 
afford no explanation, they anſwer no purpoſe in 


philoſophy. 


2. The celeftial motions have been thought to 
repreſent the motions of bodies carried about cen- 
ters by means of /o/id connections. 5 

This notion ſuggeſted to philoſophers the 
opinion, that the planets were attached to ſolid 
orbs, which turn round the axis of revolution: this 

1 R 3 opinion 


* Profeſfor Robiſon's Outlines of Mechanical Philofophy, 
Page 105. If | | 


246 LICSTURES on NATURAL PHILOSOPHY. 


opinion has been falſely attributed to Ariſtotle. It 


is altogether contradictory to our ideas of the ethe.. : 
rial matter that occupies celeſtial fpace, and not f 
teaſily reconcileable to the elliptic, motion of the b 
Planets. X 
3. The celeſtial motions have been thought to 5 
reſemble the motions of bodies carried round by a F 
circulating fluid. Many philoſophers have ſuppoſed ſ 
the planets to be carried round in ſuch vortices, 

Deſcartes and Leibnitz were at great pains to N 
eſtabliſh this dodtrine. More modern writers * a 
have removed the difficulties, and obviated the ob- N 
jections made to this ſyſtem. It will therefore be of 
_ neceſſary to lay before you ſome of the arguments d 
urged in it's favour ; in doing this, I ſhall be under d 
the neceſſity of repeating ſome obſervations that! of 
have before made. | be 
: Theſe writers urge, that ſo long as we keep W 
within the limits of na ural and experimental philoſo- Ky 
i ' phy, we muſt account for the motions in nature, by ni 
| referring them to corporeal cauſes ; and where this an 
ll cannot be performed ſatisfactorily, we muſt give of 
ll ' them up, or wait with patience for ſome better ca 
bl clue of inveſtigation, or ſome further light from th 
| experience: It is contrary to ſound philoſophy to | 
\| _ amuſe ourſelves with names and qualities, which qu 
| contradict the known laws of mechaniſm, and ſu- kr 
| | perſede the operation of the elements. na 
ill . Nothing is intelligible in philoſophy but the th 
Il action of matter upon matter; the power of impulſe M a; 
if is the only ſenſible and experimental cauſes of mo- ab 
| tion; and there is the ſtrongeſt preſumption from ma 
1 analogy in favour of the univerſal material mecha- cir 
niſm of the operations of nature. All other prin- wh 
7 ciples of motion are founded on conjecture, and in- 51 

4 capable 
| un 


„ Jones's Phyſiological Diſquifitions: Eſſay on the Firſt Prin- dif 
ciples of Natural Philoſophy ; Dr. A. Wilſon's Obſervations on | 
the Moving Powers of the preſent Syſtem, 
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capable of proof. If you attempt to ſoar above this 
principle in theory, you are always obliged to de- 
ſcend to it in practice. Natural philoſophy has 
been principally advanced by the experiments 
which have been made on the elements ; but theſe 
experiments prove, that matter interferes 1n pro- 
ducing all the changes and motions that are ob- 
ſerved in bodies diſtant from each other... 

Look into, and obſerve the operations in na- 
ture: how does the ſun a2 upon the fruits of the 
earth, but by the mediation of it's light ? How 
do the clouds water the earth, but by the mediation 
of air ? How does the chemiſt produce ſuch won- 
derful changes in natural bodies, but by the me- 
diation of fire ? In a word, every experiment, every 
obſervation proves, thab in all caſes where diſtant 
bodies are found to affect each other, there is al- 
ways ſomething to mediate, whether we do or do 
not perceive it ; and when this mediation can be 
no further traced, natural philoſophy is at an end, 
and the fictions of imagination begin, which are 
of equal value, by whatever name they may be 
called, or with whatever parade of demonſtration 
they may be introduced. — | 

It is very ſingular, they obſerve, that in- 
quirers after phy/ical truth ſhould obſerve and ac- 
knowledge mechaniſm in the greater part of 
nature, and yet not be led thereby to inquire, whe- 
ther it be not univerſally extended; the more fo, 
as matter and motion muſt have the ſame invari- 
able properties. If vapour riſes mechanically, why 
may not a ſtone deſcend by the ſame law? If fluids 
circulate in organized bodies by continued impulſe, 
why may not a planet revolve in the organized 
ſyſtem of the univerſe by the ſame cauſe? 

All true philoſophers agree in conſidering the 
univerſe as a great machine, ſo created, fitted, and 
diſpoſed by the power of Gop, as to perform all 

4 the 
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the operations which are carried on throughout the 
whole. There is a connection and communication 
between all the diſtant parts thereof. No one part 
can be conſidered as acting without being acted 
upon. 1 
It is highly unphiloſophical to aſſert, that 
matter, conſidered in general, or any part thereof, 
has eſſential ſeparate qualities, by which one part 
acts upon another. It is the eſſential property of 
no one wheel in a machine to move it's fellow, 
though in conſequence of it's being placed in the 
ſtation it is fitted for, it acts upon it's fellow, be- 
cauſe it is acted upon. If you interrupt the conta? 
in a machine, you deſtroy the motion in all thoſe 
parts where the communication is deſtroyed. 

It is juſt the ſame with the whole ſyſtem of 
nature, you cannot take up any parcel of matter, 
and ſay of it, this has eſſential properties which 
empower it to be a natural agent. A philoſopher 
ought to conſider it as a concrete, with a certain 
diſpoſition of parts liable to be acted upon by the 
ſubtiler parts of the machine, which can by no 
means be reſtrained by art therefrom. It might 
be as juſtly aſſerted, that it is the eſſential property 
of animal ſubſtances to live, as that it is the eſſen- 
tial property of the loadſtone to attract. 

The promoters of the opinion now under con- 
ſideration, urge further, that every known ope- 
ration 1n nature 1s mechanical ; and that in all ex- 
periments, where the explanation is clear and cer- 
tain, the effects are produced by matter acting 
upon matter; and we are able to trace this me- 
chaniſm in ſuch a variety of inſtances, that un- 
leſs the world is governed by oppoſite and con- 


tradictory principles, it muſt obtain throughout 


the whole. 5 
Thus the -ody of man, which is the higheſt 
piece of machinery in nature, is made to /ee, to 
a | bear, 
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leur, and /peak, upon mechanical principles; and 
it dies without a conſtant impreſſion of a mate 


rial force upon it from the element of air. 


Again, from the preſſure of air, the mercury 
is made to riſe in the tube of the barometer. Hail, 
ſnow, and vapour, are formed in the atmoſphere by 
the difference in it's temperature; the clouds are 
ſuſtained therein, and driven about to water the 
earth; plants grow, and are nouriſhed thereby. 

For thoſe effects where the cauſe is not ſo 
obvious, you find fire a more ſubtil agent, whoſe 
reality is proved, and it's operations pointed out 
both by obſervation and experiment. It may be 
transferred from one parcel of matter to another. 
It will enter the pores, and fill the interſtitial 
vacuities of all other ſubſtances. It acts with a 
force and velocity adequate to all the effects we 
can deſire to aſcribe thereto. It gives an elaſtic 
force to air, and occupies every ſpace from which 
the air is exhauſted. In ſome caſes it acts as light, 
in others as fire; light as it illuminates and ren- 
ders objects viſible, fire as it burns and conſumes 
what it acts upon. 

Thus you find the fluid et heridl matter of the 
heavens acting by impulſe on the ſolid matter of 
the earth, being inſtrumental in every one of it's 
productions, and neceſlary to every ſtated pheno- 


menon of nature. 


We are forced by the evidence of every phe- 
nomenon in nature, by every experiment in philo- 
ſophy, to conclude, that impul/e *® is the only ma- 
terial cauſe of motion. All the properties of 
matter, are ſuch as fit them to act, and to be acted 
upon, in a mechanical way. They are all ſuch as 


cat 


No mechanical motion can ſubſiſt without a plenum; this 
muſt be, wherever ſuch mechanical motion ſubſiſts. This is ſo 
neceſſary a conſequence of motion being carried on by impulſe, 
that it needs no other demonſtration, | 
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can be adapted to the known principles of mecha- | 
niſm among artiſts. We are therefore bound by 
every rule of ſound reaſoning, to conſider it as the 
. Cauſe of all the motion, and continuance of mo- 
tion, in the material univerſe. It is the one certain 
and only univer/al known cauſe. Neither the pro- 
perties of matter, nor experiment, nor obſervation, 
afford any other. I 
| No independent motion can be diſcovered. It 
is therefore wrong to conſider the motion of any 
body abſtractedly, or as a thing by itſelf. The 
ſyſtem of nature is connected and related; and to 
be underſtood, muſt be conſidered under thoſe re- 
lations and connections. Speculations, which carry 
you out of the world, can never inform you how 
things are carried on in the world. Matter ſub- 
_ fiſting as a part of the created world has motion, 
but if ſeparated from the reſt, would have no more 
motion than a limb divided from the body; and 
he who ſtudies the nature of motion by taking 
matter abſtractedly, is ſtudying motion from that 
which has no motion belonging thereto. | 
Another firong argument adduced in fa- [ 
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vour of this ſyſtem, is derived from the continu- 7 
ance and permanency of the motions obſerved in 1 

nature. That there is an univerſal principle of mo- ſ 
tion throughout the ſyſtem of things, is ſelf-evi- b 
dent. We know that matter moving, can be the t 
cauſe of motion in matter at reſt; and we know a 
| of no other phy/ical cauſe capable of producing 

ſuch motion. Here, therefore, we muſt look for c 
the cauſes of permanent motions. _ p 


Of the motion in different bodies, it is ob- 
ſervable, that ſome retain the motion they have 
acquired, without any diminution, while others are | 
ſoon reduced to a ſtate of reſt. When à body re- P 

tains it's motion without diminution, it is moved | 
by ſuch cauſes as would renew it's motion, if it 1 
| were 


* 
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were hopped. When a cloud is flying before the 
ſun, the ſame wind that drives it on, would re- 
ſtore it's motion, if it could be ſtopped. In the 
fame manner the /azls of 'a wind-mill, after you 
have brought them to a ſtate of reſt, and even 
confined them, will receive a zew motion from 


the wind as ſoon as the obſtruction is removed. If 


you ſtop the motion of the lungs by an effort of the 
muſcles, you find that the natural cauſes that act 
upon the body, tend to renew the motion, and can- 
not be hindered from effecting it, without a con- 
ſiderable effort. | | 

« Every laſting motion is ſuch a one therefore, 
that will be renewed upon it's own principles. This 
obſervation is of great importance towards ac- 
counting truly for the andecaying motions of the 
univerſe, to all which it may undoubtedly be 
extended : ſo that if it were poſſible to ſtop the 
planet Jupiter in his orbit, the efab/ihed cauſes 
out any artificial motion. | | 

A body continues to move as long as the na- 
tural cauſes of motion continue to act thereon ; and 
reſt, which is mechanical death, inevitably follows, 


| that act upon him, would renew his motion. with- 


when the cauſes of motion are no longer pre- 


ſent, There may be ſubril caſes, in which it may 
be as hard for us to trace the cauſes of motion, as 
to ſhew why lite remains for ſome time in an 
animal body under water without reſpiration. Still, 
however, the general aſſertion muſt be true, if 
every effect mult have it's cauſe ; for then to every 
permanent effect there muſt be a permanent cauſe, 


It is therefore not only abſurd, but contrary 


to every analogy in nature, to ſuppoſe that any 
of the durable motions of the celeſtial bodies de- 
pend upon projection in a vacuum: becaule if you 
were to ſtop a body moved upon this principle, 


vou have no means of renewing it's motion, it 


muſt either fall into the ſun, and thus come to a 
: point 
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point of reſt, or be dead and motionleſs for ever, 
without ſome miracle to give it a new motion; 
but this being contrary to the conditions of every 
undecaying motion, which will be renewed on it's 
own principles in the ordinary courſe of nature, 
and by means already eſtabliſhed, is not to be ad- 
mitted into philoſophy. | 

They further urge as a reaſon, for rejecting 
the hypothe/rs of a projectile impniſe, that it obliges 
it's ſupporters to make the univerſe a vacuum: 
becauſe thoſe elements which are ordained to act 
upon matter, and keep up the life and motion of 
the world, would ftand in the way, and hinder 
the freedom, and diſturb the operation of an ima- 
ginary principle, projection. They conſider pro- 
jection not only as an Hhypsthetical, but as an ar- 
tificial and unnatural. principle, that cannot be 
proved to obtain any where in nature. If it be 
received, they ſay it muſt be received as an article 
of faith; 

Experiments have been made with a central 
force machine, to illuſtrate the doctrine of centri- 
petal and centrifugal forces. But they by no means 
apply to any caſe in nature, for the moving body 
is always connected by a line to it's center of mo- 
tion; a circumſtance that never can be reconciled 
to motion in a vacuum, where no connection 1s 
ſuppoſed, nay, is even objected to upon prin- 


ciple. But theſe experiments are ſtill further de- 


ficient, becauſe the centrifugal force being a con- 


fequence of, or derived from the artificial revolu- 


tion of the whirling body, cannot be uſed as a 


cauft of the motion: for it is the nature of all 


cauſes to be prior to their effect, but here it is 
poſterior; the body is never diſpoſed to fly off in a 
rangent till it has acquired it's revolution. This 
force can therefore never be applied to account 
for any of the celeſtial motions, becauſe it brings 
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us to this abſurdity, that there is nothing to ac- 


count for the motion, but the motion itſelf, or the 


conſequence of the motion. | | | 

The ſame objections apply to another illuſtra- 
tion, namely, caſting round a weight ſuſpended. 
in a ſling, and even further; for the power of the 
ſling reſtraining the body from flying off in a tan- 
gent, bears no analogy to a power actually drawing, 
the moving body towards it's center of motion. 

It has been objected to this reaſoning, that 
no body can move in a ſpace filled with matter, 
commonly called a plenum. But this entirely de- 
pends on the condition of the matter, and the cir- 
cumſtances of the moving body: if the matter filling 
the ſpace be a fluid, whoſe parts can eaſily ſlide 
over one another, they will be able to move in 
different or contrary directions at the ſame time, 


and while the place of the whole maſs remains 
the ſame, the place of the parts of which it is 


compoſed, may be continually changing. 


The fullneſs of the ſpace is therefore no ob- 
jection to the free motion of the parts of any fluid 
among themſelves ; neither is it any objection to 


the motion of any ſolid body in ſuch a fluid me- 


dium. Though a veſſel be filled with water cloſe- 
ly ſtopped, (and the fluid ſo compreſſed, that a very 


ſmall point made to enter therein, would burſt 
the containing veſſel,) yet any ſolid will move 


freely therein from one ſide to the other, or from 


the top to the bottom ; becauſe the parts of the 


fluid which are diſplaced before, fall into that 
ipace behind, quitted by the body. So faſt as the. 


body proceeds, juſt ſo faſt do the parts of the fluid 


recede ; ſo that there is neither impediment nor 


vacuity, The ſame is true in other caſes; there 


may be motion, provided there be a circulation 

among the parts, | hs 
When a ſolid body is moved in a fluid by any 
artificiaz 
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artiſicial force or violence, contrary to the barufe of 
the medium in which it moves, the parts of the 
medium, by endeavouring to recover their natural 
ſtate, will reſiſt the motion of the body till the 
equilibrium is reſtored, and the body is at reſt, 
Such will neceſſarily be the caſe of all violent 
motions;. it is ſoon deſtroyed by reſiſtance, though 
the time in which it 1s deſtroyed may differ from 
a variety of circumſtances. 

But on the other hand, if the motion of the 
body ariſes from the mol ion of the medium in which 
it moves, then the reſiſting nature of the medium 
is no longer an objection to the motion of the 
body, neither can it be, for it is the cauſe of it's 
motion; and it is abſurd to ſifppoſe, that the cauſe 
of a motion can reſiſt the motion it cauſes. No 
inference therefore from the reſſtance of mediums, 
can lead us to the neceſſity of a vacuum. A vacuum 
is only neceſſary when a motion is propoſed, which 
is independent of the action of every medium; but 
nature knows of no ſuch motion. 

A variety of motions may be exhibited, for 
whoſe production the preſence of a reſiſting me- 
dium is abſolutely neceſſary; and they ſhew, that 
ſo far from a vacuum being neceſſary to the con- 
tinuance of motion in any ſpace, the motion 
is promoted and occaſioned by a reſiſting medium. 
That hypothetical train of reaſoning which leads 
us to conclude, that if leſs matter were in the 


| ſpace, the motion would be more free, and con- 


tinue much longer, is as unphiloſophical, as it 


would be, if in order to enable a man to rufi faſter, 


we ſhould rid him of the incumbrance of his boots 

and ſpurs, by cutting off his legs. 
Air is, you know, a re/i/iing medium, yet in- 
dend of en the motion of the lamp "can 
„ » chine, 
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chine, which I before ſhewed you, by it's reſiſt- 
ance preſerves that motion; and if the motion be 
at laſt di ſcont inued, it does not ariſe from defect 
or irregularity of the cauſe, but to the imper- 
fection of the materials. If the materials which 
are acted upon would but continue in the ſame 
ſtate, the motion would be unretarded as long as 
air and fire, which are the cauſes thereof, ſubſiſt 
in the world. In this experiment the cauſes are 
not artificial and violent, as in the central force 
machine, but ſuch as are ſupplied by nature itſelf, 
in it's regular mode of action; which both begins 
and continues the motion. What is performed by 


the agents in nature, in the one caſe, may certainly 


be done in others. The planets may be carried 
round in their orbits by the ſame means. The 
heavens may be filled throughout with an etherial 
fluid, not infinitely rari fied, unreſiſting, and im- 
potent, but denſe and continuous in it's parts. 
The writers in favour of the mechanical 
ſyſtem urge, that their opponents have no no- 
tion or means of reſolving their axioms, or rela- 
tive laws of motion, to mechaniſm, but conſider 
them merely as laws; another word, as they uſe 
it, for ultimate, ſpiritual, anmechanical power. As 
the penetration of ſome amongſt them has car- 
ried them ſo far as to ſuppoſe an impelling ethe- 
rial medium for maintaining attraction, gravita- 
tion, &c. &c. it is rather ſurpriſing that they 
could not perceive, that the ſame medium was 
neceſſary for ſupporting their laws of motion, reſt, 
reſiſtance, &c. for the difficulty does not lie in 
accounting for gravitation, or any particular kind 
of motion, but in finding powers to produce and 
maintain motion in general. If theſe are mecha- 
nical, it is eaſy to ſuppoſe, that the contriver may 
have adjuſted the mechaniſm ſo as to produce the 


particular tendencies, But if they are unmecha- 


nical, 
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nical, you may call them laws, properties, or any 
other name, either with or without a meaning. 
How detrimental it is to the increaſe of knowledge 
in the powers and agency of nature, to have the 
moſt curious productions of theſe powers reduced 
to unintelligible laws, characterized by words with. 
out meaning, and which render their inventors no 
wiſer than the moſt heedleſs and unattentive ! 
Without 77flrumental, or ſecond cauſes, there 
can be no regular courſe of nature ; and without a 
regular courſe, nature could never be underſtood, 
The order and courſe of things, and the experi. 
ments we daily make, ſhew that there is a mind, 
that governs and actuates this mundane ſyſtem, as 
the proper real agent and cauſe; the inferior and 
inſtrumental cauſe ſeems to be fire; with reſpe& 
to attradtion, it cannot produce, and in that ſenſe 
account for the phenomena, being itſelf one of the 
phenomena produced and to be accounted for. 
What is ſaid of forces reſiding in bodies, whether 
attracting or repelling, it can only be conſidered 
as a mathematical hypotheſis, not as any thing 
real and exiſting in nature, 75 | | 
The mechanical agency of the elements ac- 
cords with the deſcriptions and alluſions of the fa. 
cred ſcriptures. The heathens were in ſome de- 


gree acquainted therewith, When this doctrine 


was in their hands, a principle of intelligence was 
aſcribed to the active elements, and they were taken 
for the Gods who govern the world, But with 
thoſe who are taught that the TRUE Gop is diſtinct 
from, and above the world of matter, though vir- 
tually preſent by a providential inſpection and 
ſuperintendance, it ſerves only to enlarge and 
exalt their ideas by ſetting before them the viſible 
evidence of divine wiſdom, which with ſo exquiſite 
a contrivance, and ſuch ſimplicity of deſign, hath 
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dapted phyſical cauſes to the production of their 


reſpective effects, | 

We have now to conſider, athly, the mathe- 
matical principles of philoſophy. The celeſtial mo- 
tions have been thought to reſemble thoſe exhibir- 
ed to us in the phenomena of magnetiſm and 
electricity; theſe and the celeſtial bodies ſcem to 
act upon each other at a diſtance, without any ob- 


ſerved intervening impulſe. Accordingly many 


philoſophers, both ancient and modern, have ima- 
gined that the planets are influenced by cauſes 
ſimilar to thoſe of theſe more familiar pheno- 
mena. But theſe philoſophers had formed no ac- 
curate notions of the agency of the cauſes of the 
motions from which they attempted to derive an 
explanation; neither had they examined attentive- 
ly the circumſtances of the motions which they 
attempted to explain. At laſt, Six Isaac New- 
ro contented himſelf with an inveſtigation of he 
laws obſerved in the agency of the cauſes of the 
celeſtial motions, diſcovered that theſe laws were 
the ſame with thoſe obſerved in the agency of the 
cauſes of the motion of common heavy bodies, 
and from this diſcovety gave a theory of mathe- 
natical aſtronomy. We are indebted, however, to 
Keeler, for the generalization of the facts, which 
form the baſis of the mathematical theory. 


KkEPILER's Laws, 


Kepler's firſt law is, that the planets, in re- 
volving round the ſun, deſeribe equal areas in 8155 
limes. | 
Kepler's ſecond law is, that the orbits deſerib- 
ed by the planets are ellipſes, having the Jun, or the 
primary planets, in the focus. 

Kepler's third law is, that the [quares of the 

Vol. IV. 8 periadical 
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periodical times of the planets are as the cubes of their 
mean diſtances from the ſun. That is, as the {quare 


of the time which a planet A takes to revolve in 


it's orbit, is to the time which any other planet B 
takes to run through it's orbit; ſo is the cube of 
the mean diſtance of A from the ſun, to the cub; 


of the mean diſtance of B from the ſun, 


Or e e Forces.* 


In u ctrſerwente of the inertia of matter, all 
motion is conſidered as equable and rectilineal, ard 
as being in a ſtrait line with the direction of the 


moving force; and as preſerving this direction 


until it be hindered or put out of it's way by ſome 
extrinſic cauſe. 

If therefore a body moves in a curve, that 
curvature muft proceed from ſome external force 
continually acting upon the body; and whenever 
that force ceaſes to a&, the body will move for- 
ward in a right line, 'touching the curve in that 
Point where the body is at the inftant of time when 
the force ceaſes to act. 8 

When you obſerve a change in the direction 


of any motion, you may infer the aQtion of a force, 


whole direction croſſes that of the former motion. 
This may be called a defedling force. 

The change of direction is meaſured by the 
angle contained between the former and the nev 


direction. 


When the motion of a body is curvilineal, ile 


deſlection is continual, and you may infer the con- 


tinual action of 2 deflecting force. On the other 
hand, the continual action of a deflecting torce 
produces a curvilineal motion. ; 7 

n 
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In a curvilineal motion the change of direc- 
tion is meaſured by the angle contained between 
the tangents to the curve. | | 

A curvilineal motion is therefore always a 
compound mot ion; but the great bodies of this ſyſ- 
tem, as the planets, move round the ſun in curve 
lines; on theſe. principles there muſt therefore be 
neceſſarily two powers acting on them, one im- 
pelling them to move in a ſtrait line, the other 


deflecting or bending them continually towards a 


echtes: V 
Jou may therefore conſider defle#ing forces as 
always directed 4 or from a point; in the firſt caſe 
they are called centripetal forces, in the ſecond 
caſe they are called centrifugal forces. In general, 
they are termed CENTRAL forces; and the point, 
through which their direction always paſſes, is cal- 
led the center of the forces. 
Among the various curvilinear motions which 
may ariſe. from the action of central forces, there 
is a circumſtance in which they all agree, and which 
enables the mathematician to inveſtigate the forces 


by which they are produced. 


If a body moves in a curve line, AB CD EF, 
fig. 3, pl. 1 5, by means of a force always directed 
to a fixed point 8, the curve is all in one plane, 
and the areas (A S B, ASC, ASD) deſcribed by 
the ſtrait line joining the body with the point 8, are 


proportional to the times of deſcription ; z. e. equal 


areas are deſcribed in equal times, unequal areas 


in unequal times. Thus the riangular areas AS B, 


BS C, CS D, &c. deſcribed by the ſtrait line join- 
ing the body with the point S, are proportional to 
the times of deſcription, . 

Let the time be divided into equal parts, let 
the body be acted on by an impulſe that will carry 
it from A to B, the firſt given particle of time,; 
then in the ſecond particle it would go an. equal 
5 8 2 = ſpace, 
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ſpace, and deſcribe the line Be 8 to the line 
AB. 

But when the body-i is arrived at B, let a de- 
flecting (centripetal) force ſo act upon it, that while 
it's firſt impulſe would carry it to c, the deflectin 
force would carry it to V; complete the parallelo- 
gram, BV cc, and it is evident, from the doctrine 
of compound forces, that the body would in the 
fecond particle of time deſcribe the diagonal BC. 

Now as Cc is parallel to S V, the triangles 
SBC, SB, are between the ſame parallel lines, and 
as ſuch, are (by geometry proved to be) equal; for 
the ſame reaſon the triangles 8 CD, S E F, are 

proved to be equal to SBA. 

. If any number of theſe triangles be added to- 
gether, the total ſums, as A DS, F CS, will be pro- 
portional to the times wherein they are deſcribed. 

If the lines AB, BC, be continued round a 
center, they will form a polygon, and if the ſides of 
the polygon be indefinitely increaſed in number, 
and indefinitely decreaſed in length, they will form 
a curve, a circle, or an ellip/is : and the propoſition 
. will be true of theſe curves, that a line drawn from 
the center to a body in the circumference of the 
Circle, or from the fqcus to a body in the circum- 
ference of the ellipſis, will /weep equal areas in 
equal times. 

The power, therefore, directed ned, the 
given point S has no effect on the magnitude of 
the area deſcribed by the line ſuppoſed to be drawn 
from the body to that point. It may accelerate 
or retard the motion of the body, but affects not 
the area or ſpace deſcribed by the line. The line 
will ſtill continue to deſcribe the ſame ſpaces in 
equal times, about the given point, as it would 
have done, if no new force had acted on the body, 
but it had been permitted to proceed ped aan in 
the line of projection. : 

13 
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As one impulſe towards the given point has 
no effet on the area or ſpace deſcribed by the ray 


or line from the body to that point, ſo any num 


ber of ſucceſſive impulſes directed to the ſame 
int can have no effect on the area; and if you 
ſuppoſe the power directed to that point, to act 
continually, it will bend the way of the body in 
motion into a curve, and may accelerate or retard 
it's velocity, but can never affect the area deſcribed 
in a given time by a line ſuppoſed to be drawn from 
the body to the given point, which will always be 
of an invariable quantity, equal to that which would 
have been deſcribed in the ſame time, if the body 
had proceeded uniformly in a right line from the 
beginning of the motion. | 7 


The converſe of the foregoing propoſition 


ſhews, that if a body A deſcribes a curve all in 


one plane, and if there be a point S ſo ſituated 


in this plane, that a line drawn therefrom to the 
circumference deſcribes proportional areas in pro- 
portional times, then 1s the body urged round by 
a force tending towards that center. In other 
words, the equable increaſe of the areas deſcribed 
by a line drawn from a body to a given point, is 
an indication that the direction of the power that 


acts upon the body, and that deflects it into a curve, 


is directed to that point. 


By the ſame propoſition we may illuſtrate 


and explain the revolutions of the primary planets 
in elliptical orbits (not much differing from cir- 


cles) round the ſun, who is in one of the foci 


of each ellipſis. . 1 85 

Let the ellipſis AB CDE FGHIK LM, 
fg. 4, pl. 15, repreſent the orbit of a planet mov- 
ing therein round the ſun S, according to the order 


of the letters, the ſun S being in one of the 


foci of the ellipſis; let the time of it's revo- 
lution be divided into any number of equal parts, 
8 3 | ſuppoſe 
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ſuppoſe 12, in moving from A through B CD, 
&c. the planet approaches nearer the ſun, and the 
central tendency continually increaſing it's velo- 
city, it goes through greater arcs in equal times, 
till it comes to G; from thence it's motion con. 
tinually carries it to a greater diſtance from the 
fun, and it deſcribes in equal times ſmaller and 
ſmaller arcs, till it returns to A, from whence it 
proceeds as before. | ; 5 

Now the triangular ſpaces paſſed over by a 
line drawn from the planet to the center of the ſun 
will be equal, becauſe in the planet's going the 
firſt half of the ellipfis from A to C, the arcs which 
may be conſidered as the baſe of the mixed tri- 
angles deſcribed in equal times, grow longer and 
longer, as the legs grow ſhorter, fo as to preſerve 
the equability of the triangular ſpace : in the other 
half of the ellipfis in the planet's going from C to 
A, the arcs grow ſhorter; but this is compenſated 
by the greater length of the legs. 
The ſum of what has been proved is, 1. that 
the areas or ſpaces revolving round an immove— 
able center are proportional to the times ; and, 
2d, that if a body revolving round a center de- 
ſcribes about it areas proportional to the times, 
the body is actuated by a force directed to that 
center. | 
But by Kepler's firſt law, we know *« that the 
primary planets defcribe round the ſun, and the 
ſecondary planets deſcribe round their reſpective 
primary planets, areas proportional to the times,” 
From hence it is inferred, that the primary planets 
are retained in their orbits by forces which are 
always directed to the ſun ; and that the ſecondary 
planets are retained in their orbits round their pri- 
mary planets by forces which are always directed 
to thoſe primary planets. , 


Kepler's ſecond law is, © That the orbits deſcrib- 
8 pot ed 
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ed round the fun, and round the primary planets, are 
ellipſes, having the fun, or the primary planet, in 
the focus.” From hence it 1s inferred, that the 
accelerating force, by which a planet is retained 
in the different parts of it's elliptical orbit, is in- 
verfely proportional to the ſquare of it's diftance 
from the ſun, or from it's primary. | 
Kepler's third law is, That the ſquare of 
the periodic times of planets revolving round 


common centers, are proportional to the cubes of 


their mean diſtances.” From this it is inferred, 
that the forces, by which the planets are retained 
in their different orbits, are inverſely proporti- 
onal to the ſquares of their diſtances from the 
ſun. The ſame reaſoning applies to the ſatellites. 

Hence it is allo inferred, that the forces, by 


which different planets are retained in their dif- 


ferent arbits, are not forces of different kinds, but 
the fame force operating at different diſtances. 

The fecondary planets accompany the pri- 
mary planets by the action of a force always di- 
rected to the ſun, and inverſely proportional to the 
ſquare of the diſtance from the fun. | 


That the maon 1s a heavy body, and gravitates towards 
the earth in the ſame manner as terreſtrial bodies.* 


Sir Iſaac Newton, conſidering that the power 
of gravity acts equally on all matter that is on or 
near the furface of the earth, that it is not ſenſibly 
leſs on the tops of the higheſt mountains, that it 
affects the air and reaches upward to the utmoſt 
limits of the atmoſphere, was induced to think it 
might be a more general principle, and extend to 
the, heavens, ſo as to affect the moon at leaſt, 
which-is the neareſt to us of all the bodies in the 
ſyſtem. He afterwards extended this principle ſtil} 

: 84 further, 
* Maelaurin's Sir Iſaac Newton's Diſcoveries, p. 214 to 2685. 
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further, and ſhewed, that the planets conſiſted of 
the ſame gravitating fubſtance of which the earth 
1s formed. 

The effects of the power of gravity upon ter. 
reſtrial bodies may be reduced to three claſſes. 
I. When in conſequence thereof, a body at reſt, 
ſupported by ground, ſuſpended by a ſtring, or any 
otherways kept from falling, endeavours always to 
move. In ſueh caſes the effect of gravity is mea. 
fured by the preſſure of the quieſcent body upon 
the obſtacle that hinders it's motion. 

2. When a body deſcends in a vertical line 
it's motion is then continually accelerated, in con- 
ſequence of the inceſſant action of the power of 
gravity; or if it be projected upwards in the ſame 
right line, it's motion is continually retarded by 
the ſame power acting inceſſantly upon it in a 
contrary direction. In ſuch caſes the power of 
gravity is meaſured by the acceleration or retard. 
tion of the motion produced in a given time by 
the power continued uniformly for that time.* 

When a body 1s projected in any direction 
Jiffereme from the vertical line, the direction of 
it's motion is continually varied, and a curve line 
is deſcribed in confequence of the inceffant action 
of gravity; which in ſuch cafes is meafured by 
the flexure or curvature of the line deſcribed by 
it; for the power muſt be greateſt that deflects the 
. courſe of the body moſt from the tangent or direc- 
tion in which it was projected. 

Effects of each kind of the power of gravity 
continually fall under your obſervations near the 
ſurface of the earth ; for the ſame power which 
renders bodies heavy while they are at reſt, accele- 
rates their motion when they deſcend perpendicu- 
larly, and bends their motion into a curve os 

whea 
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when V are proj jected | in _ other direction than 
that of their gravity. y. 

We can judge oily of the powers that ack on 
the celeſtial bodies by the effects of the laſt kind; 


we ſee bodies near the earth falling towards it; 


but this is a proof of 'the moon's gravity, which 
cannot be obtained unleſs the preſent ſtate of 
things were diſſolved. 

When a body is projected in the air, you do 
not ſee it fall in the perpendicular towards the 
earth, but you ſee it falling every moment from 
the tangent to the curve, that is, from the direction 
in which it would have moved, if it's gravity had 
not ated for that moment. 

And this proof is obtained a the moon's 
gravity; for though you do not ſee her falling 
directly towards the earth in a right line, yet you 
obſerve her every moment deſcending towards the 
earth from the right line, which was the direction 
of her motion at the beginning of that moment, 


and this is as evident a proof of her being acted 
upon by gravity or ſome power ſimilar to it, as 


her rectilineal deſcent would be, if ſhe were als 
lowed to fall freely to the eartn. 

If we were in poſſeſſion of engines of a ſuf. 
ficient force, bodies might be projected from 
them ſo as not only*ro be carried a vaſt way with- 
out falling to the earth, but ſo as to move over a 
quarter of a great circle thereof, or (abſtracting 
from the reſiſtance of the air) to move round the 


earth without touching it, and after returning to 


their firſt place, commence a new revolution with 
the ſame force which they firſt received from the 


engine, and after that a third, and thus revolve 


as a moon or ſatellite round the earth for ever. 


If this could be effected near the earth's ſur- 


face, it might be done higher in the air, or even 


as high as the moon, could the engine or an equi- 


valent 
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valent power be carried up and made to act there, 


By increaſing the force of the power, a body pro- 


portionally larger might be thus projected, and 
by a power ſufficiently great, a body not inferior 
to the moon, might be at firſt put in motion, and 
being perpetually reſtrained by it's gravity from 
going off in a ſtrait line might for ever revolve 
about the earth. _ 1 0 

Thus Sir [ſane Newton ſaw, that the curvi. 
lineal motion of the moon in her orbit, and of 
any projectile at the ſurface of the earth, were 
phenomena of the ſame kind, and might be ex- 
plained upon the ſame principle extended from 
the earth, ſo as to reach the moon; and that the 
moon was only a larger projectile that received 
it's motion in the beginning of things from the 
Almighty Author of the univerſe. 

Fur to make this more evident, it was neceſ- 
fary to ſhew, that the powers which act on the 
moon, and on projectiles near the earth, and which 
bend their motions in a curve line, were directed 
to the ſame center, and agreed in the quantity 5 
their force, as well as in their direction. 

All we know of force, relates either to it's 
direction or quantity, and a conſtant coincidence 
or agreement in theſe. two reſpects is ſufficient 
ground to conclude them to be the ſame, or ſimi- 
lar phenomena, derived from the ſame or like 
cauſes. Cr OP OY . 

Now I ſhewed you in the Lecture on mecha- 
nics, that the gravity of heavy bodies is directed 
towards the center of the earth; and it appears 
from Kepler's iſt law, as I have ſhewn you in 
this Lecture, that the power which acts on the 
moon, inceſſantly bending her motion into a curve, 
is directed towards the ſame center; for aſtrono- 
mers find, that the moon does not deſcribe an exact 


Circle about the earth, but an ellipſe, and * 
e 
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ſhe approaches to the earth, and then recedes from 
it in every revolution, but ſtill fo as to have her 
motion accelerated while ſhe approaches to the 
center of the earth, and retarded as ſhe recedes 
from it, deſcribing equal areas in equal times; an 
indication, as you have already ſeen, that ſhe is 
acted on by a power directed accurately or nearly 
towards the center. | | . 

There is, therefore, a power which deflects the 
moon from a rectilineal courſe, and which like 
gravity makes her deſcend towards the center of 


the earth; ſo that if the projectile force were de- 


ſtroyed, ſne would fall to the earth in a direct line; 
and as this power acts inceſſantly, bending every 
moment her path into a curve, it would make her 
deſcend to the earth with an accelerated motion, 
like that of heavy bodies in their fall. 71 0 

It remains, therefore, only to ſhew, that the 


power which acts on the moon, agrees with gra- 


vity in the quantity of it's force, as well as in 
other reſpects. But hefore we compare them in 


this particular, I muſt obſerve to you, that the 


power which acts upon the moon, 1s not the fame 


at all diſtances, but is always greateſt when ſhe is 


neareſt the earth. | 23 
To be ſatisfied of this, it is only neceſſary to 
obſerve, as before, that to bend the motion of a 
body into a curve when it moves with a greater 
velocity, requires more power than when it de- 
ſcribes the ſame curve with a leſs velocity. 
Though what I have juſt aſſerted is ſufficient- 
ly obvious, it may appear more fully by conſider- 
ing a diagram; imagine, therefore, a tangent, fig. 
S, Pl. 15, drawn at the beginning of a ſmall arc 
deſcribed by the body; and as this is the line which 
the body would have followed, if no new power 
had acted upon it, the effect of that power is eſti- 
mated by the depreſſion of the other extremity of 
| * the 
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the arc under that tangent: now it is plain, that 
in arcs of the ſame curvature, the greater the arc 
is, the farther muſt one extremity of it fall below 
the tangent drawn at the other extremity ; and can. 
ſequently, when a body deſcribes a greater arc, it 
muſt be acted on by a greater power than when it 
deſcribes a leſs arc in the ſame time. Now ag 
the moon approaches the earth, her motion is ac- 
celerated, is ſwifteſt at her leaſt diſtance, ſloweſt 
at her greateſt diſtance, and the forces ſhe defcribes 
at her greateſt and leaſt diſtance have the ſame 
curvature, therefore the force which acts upon her 
at her leaſt diſtance when her motion is ſwifteſt, 
muſt be the greateſt force. 

It will not now be difficult to ſee according 
to what law this power varies at her leaſt and 
greateſt diſtance from the earth. To render this 

eaſier, let us aſſume a ſimple caſe, and ſuppoſe 
that her leaſt diſtance is half that of her greateſt. 
If this were true, the moon would move with double 
velocity in her leaſt diſtance; and the ſpace de- 
ſcribed by a ray from her to the earth might be 
equal to the ſpace deſcribed in the ſame time at 
her greateſt diſtance; ſo that ſhe would deſcribe at 
her leaſt diſtance an arc in one minute equal to 
the arc ſhe would deſcribe in two minures at her 
- greateſt diſtance, and would fall as much below 
the tangent at the beginning of the arc in one 
minute in the lower part of her orbit, or the peri- 
gæum, as in two minutes in the higher part of 
her orbit or her apogæum. 


If therefore her projectile force was deſtroyed 


at her leaſt diſtance, ſhe would fall towards the 


earth as much in one minute, as in two minutes. 


if her projectile force was deſtroyed at her greateſt 


diſtance. 
But the ſpaces deſcribed by a falling body are as 


the ſquares of the times, and ſuch a body deſcends 


1 through 
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through a quadruple ſpace in a double time; ſo that 
the moon deſcending freely would neceſſarily fall 
four times as far in two minutes as in one minute; 
that is, through four times as much ſpace in one 
mintte at her leaſt diſtance, as at her greateſt diſ- 
tance in the ſame time. | 2 

But the forces with which heavy bodies de- 
ſcend are in the ſame proportion as the ſpaces de- 
ſeribed, in conſequence of thoſe forces, in equal 


ſmall parts of time; conſequently the force which 


acts at the leaſt diſtance is quadruple that which 
acts at a greater diſtance, when the latter is ſup- 
poſed to be double the former; or the forces are as 
4 to. 1, when the diſtances are as 1 to 2. The 
force therefore which acts upon the moon, and 
bends her into a curvilinear orbit, increaſes as 
the diſtance from the center of the earth decreaſes, 
ſo as to be quadruple at half that diſtance. | 
In the ſame manner it is ſhewn, that if her 
leaſt diſtance was the third part only of her greateſt 
diftance, her velocity would be triple at the leaſt 
diſtance, to preſerve the equability of the areas de- 
ſcribed by a ray drawn from her to the center of 


the earth; and that ſhe would be acted upon there 


by a power, which would have the ſame effect in 
one minute, as in three minutes at her greateſt diſ- 
tance; ſo that if ſhe was allowed to deſcend freely 
from each diſtance, ſhe would fall 9 times as far 
from the leaſt diſtance as from the greateſt in the 
ſame time; conſequently the power itſelf which 
cauſes her to deſcend would be nine times greater 
at the third part of the diſtance, or the diſtances 
being as 1 to 3, the force would be as g to 1, or 
inverſely as the ſquares of the diſtances. 


In the ſame manner it appears, that when the 


greateſt and leaſt diſtances are ſuppoſed to be in any 
er of a greater to a leſs number, the ve- 
ocities of the revolving planet are in the inverſe 


ratio 
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ratio of the ſame numbers; and that the powers 
which deflect or bend it's motion into a curve, are 
in the inverſe ratio of thoſe numbers. | 

To conſider this in general, let T, fg. 5, pl. 1c, 
repreſent the center of the earth, AL P the moon's 
elliptical orbit, A the apogæum, P the perigæum, 
AHandPK the tangents at thoſe points, A M and 
PN any ſmall arcs deſcribed by the moon in equal 
times at thoſe diſtances, M H, N K, the ſubtenſes 
of the angles of contact, terminated by the tangents 
in H and K; then MH and NK will be equal 
to the ſpaces that would be deſcribed by the 
moon, if allowed to fall freely from the reſpec. 
tive places A and P in equal times; and will be in 
the fame proportion to each other, as the powers 
which act upon the moon, and inflect her courſe at 
thoſe places. 

Let A m be taken equal to PN, and m h pa- 
rallel to AP meet the tangent at A in h; noy 
as the curvature of the elliple is the ſame at Au 
at P, mh is equal to K N; and if the moon wa 
to fall freely from the places P and A towards the 
earth, her gravity would have a greater effect at P 
than at A, in equal times, in proportion as m h 1s 
oreater than M H. But mh is the ſpace which 
the moon would deſcribe freely by her gravity at 
A, in the time which mh would be deſcribed by 
her projectile motion at A, and MHA is the ſpace 
through which ſhe would deſcend freely by her 
gravity at A in the time in which A H would be 
deſcribed by her projectile motion; and theſe ſpaces 
being as the ſquares of the times, it follows, that 
mh is to M H, as the ſquare of A h to the ſquare 
of A H, or (becauſe of the equality of the arc 
TAH, IPK) as the ſquare of T to the {quarc 
of T A. | rs” 
Therefore the gravity at P is to the gravity at 
A, as the ſquare of I A to the ſquaxe of I P; that 
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is, the gravity of the moon towards the earth in- 
creaſes in the ſame proportion, as the ſquare of the 
diſtance from the center of the earth decreaſes. 

Sir Iſaac Newton ſhews the univerſality of this 
law, in all her diſtances, from the direction of the 

wer that acts upon her, and from the nature of 

the elligſis, the line which ſhe deſcribes in her re- 
yolution ; and it follows from the properties of this 
curve, that if you take ſmall arcs deſcribed by the 
moon in equal times, the ſpace by which the ex- 
tremity of any arc deſcends towards the earth be- 
low it's tangent at the other extremity, is always 
greater in proportion as the ſquare of the diſtance 
from the focus is leſs; from which it follows, that 
the power which is proportional to this ſpace ob- 
ſerves the ſame proportion. | 5 

The moon's orbit, according to aſtronomers, 
differs not much from a circle of a radius equal to 
bo times the ſemi-diameter of the earth; and the 
circumference of her orbit is therefore about 60 
times the circumference of a great circle of the 
earth. ; a 
From this the circumference of the moon's 
orbit is eaſily computed, and as ſhe finiſhes her 
revolution in 27 days, 7 hours, and 43 minutes, it 
is alſo eaſy to calculate what arc ſhe deſcribes 
in one minute. | 

The next thing is to compute how much 
this arc of one minute is deflected below a tangent 
drawn at the other end: now geometricians prove, 
that this ſpace is nearly a third proportional to the 
diameter of her orbit, and the arc ſhe deſcribes in 
2 minute; whence by an eaſy calculation this ſpace 
is found to be about 16 feet 1 inch. | 
* But you have ſeen that this ſpace was deſcribed 
mn conſequence of her gravity, or tendency to- 
wards the earth, which is therefore a power, that 
at the diſtance of 60 ſemi-diameters of the earth. 

| 5 0 
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is able to make her deſcend in one minute through 
16 feet 1 inch. 

Now, as this power increaſes as ſhe ap- 

proaches the earth, let us ſee what it's force would 
be at the ſurface thereof; and for this purpoſe, Jet 
us ſuppoſe her to deſcend ſo low in her orbit as 
at her leaſt diſtance to paſs by the ſurface of the 
carth; ſhe would then be 60 times nearer to the 
center of the earth, and move with a velocity 60 
times greater, that the areas deſcribed by a line 
drawn from her to that center in equal times, 
might ſtill continue equal. 
The moon therefore, paſſing by the earth at 
her loweft cob, would deſcribe an arc in one ſe- 
cond of time, (the both part of a minute) equal to 
that ſhe deſcribes in one minute at her preſent 
mean diſtance, and would fall as much below 
the tangent at the beginning of the arc in a ſe- 
cond, as ſhe falls from the tangent at her mean 
dittance' i in a minute; that 1s, ſhe would fall near 
the ſurface of the carth 16 feet 1*inch in one ſe- 
cond of time. 

Now this is exactly the fame ſpace, through 
which all heavy bodies are found by experience to 
deſcend by their gravity near the ſurtace of the 
earth. The moon, therefore, would deſcend at the 
ſurface of the earth with the ſame velocity, and 
every way in the ſame manner, as heavy bodies fall 
towards the earth; and the power which acts upon 
the moon, agreeing in direction and force with the 
gravity of heavy bodies, and acting inceſſantly 
every moment, as their gravity does, they muſt 
be of the fame kind, and proceed from the fame 
cauſe. 
Thus Ser Iſaac Newton ſhewed, that the power 
of-gravity is extended to the moon; that ihe 1 
heavy, as all bodies belonging to the earth arc 


found to be; and that ſhe | is retained in her orbit 
5 by 


ON ASTRO T. 273 


by the ſame cauſe which occaſions a ſtone, a bul- 
let; or any other projectile, to deſcribe a curve in 
the air. If the moon or any part of her were 
brought down to the earth, and projected in the 
ſame line, and with the ſame velocity as a ter- 
reſtrial body, it would move in the ſame curve. On 
the other hand, if any body was carried from our 
earth to the diſtance of the moon, and was pro- 
jected in the ſame direction and with the ſame 
velocity with which the moon is moved, it would 
proceed in the ſame orbit which the moon de- 
icribes, and with the ſame velocity. Thus the 
moon is a projectile, and the motion of every pro- 
jectile gives an image of the motion of a ſatellite 
or moon. | Ig 


That the primary Planets are heavy bodies, and 
gravitate towards the ſun; and that the ſecon- 
dary planets gravitate towards their reſpective 


primaries: 


Obſervation proves, that each of the primary 
planets bend their path about the center of 
the ſun, are accelerated as they approach to him, 
and are retarded as they recede from him; always 
deſcribing equal areas in equal times; from whence 
it follows, that the power by which they are de- 
tected muſt be directed to the ſun. This power 
alſo varies always in the ſame manner as the gra- 
vity of the moon towards the earth. 

The ſame reaſoning, by which the gravity of 
the moon towards the earth at her greateſt and 
leaſt diſtances were compared together, may be 
applied in comparing the powers which act on any 
primary planet at it's greateſt and leaſt diſtances 
from the ſun; and it will appear, that theſe powers 
increaſe as the ſquare of the diſtances from the ſun 
decreaſe. . 


A 1 
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But the univerſality of this law, and the uni- 
formity of nature, ſtill further appear, by com- 
N the motions of the different planets. 

The power which acts on a planet that is 
nearer the ſun, is manifeſtly greater than that 
which acts on a planet more remote, both becauſe it 
moves with more velocity, and becauſe it moves 
in a leſs orbit, (which has more curvature, and 
of courſe the body requires more force to be more 
deflected from it's rectilinear courſe.) By compar- 
ing the motions of the planets, it is found, that 
the velocity of a nearer planet 1s greater than that 
of one more remote, in proportion as the ſquare 
root of the number expreſſing the greater diſ- 
tance, to the ſquare root of the number expreſſing 
the leſſer diſtance; ſo that if one planet be 4 times 
farther from the ſun than another planet, the velo- 
city of the firſt would be half the velocity of the 
latter, and the nearer planet would deſcribe an 
arc in 1 minute equal to the arc deſcribed by the 


higher planet in 2 minutes; and the nearer planet 


would deſcribe, by it's gravity, four times as much 
ſpace as the other would deſcribe in the ſame 
time; by the law of falling bodies, the gravity of 
the nearer planet would therefore appear to be 
quadruple, from the conſideration of it's greater 
velocity only. But further, as the radius of ti 
leſſer orbit is ſuppoſed to be 4 times leſs than tie 
radius of the other, the leſſer orbit muſt be 4 times 
more curve, and the extremity of a ſmall arc of 
the ſame length will be four times farther below 
the tangent drawn at the other extremity in the 
lefler orbit than in the greater; ſo that though 
the velocities were equal, the gravity of the neater 
planet would on this account only be found to be 
quadruple. 

On both theſe accounts together, the greatet 


velocity of the nearer planet, and the greater cur 
| vauie 
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vature of it's orbit, the deflecting force, or it's 
gravity towards the ſun, muſt be ſuppoſed 16 times 
greater, though it's diſtance from the ſun is only 
4 times leſs than the other; that is, when the diſ- 
tances are as 1 to 4, the gravity is reciprocally 
as the ſquares of theſe numbers, or as 16 to 1. By 
comparing the motions of all the planets it is found, 
that their gravities decreaſe as the ſquares of their, 
diſtances from the ſun increaſe. : b 

The ſame principle that governs the motion 
of the planets in the great ſolar ſyſtem, governs 
alſo the motion of the ſatellites in the leſſer ſyſ- 
tem, of which the greater is compoſed. 5 

There 1s the ſame harmony in their motions 
compared with their diſtances, as in the great ſyſ- 
tem. Jupiter's ſatellites are continually bent from 
the lines that are the direction of their motions, 
each deſcribing equal areas in equal times, by a 
ny drawn to the center, to which their gravity 
is therefore directed. | - 

The nearer fatellites move with greater ce- 
lerity, in the ſame proportion as the nearer primary 
planets move more ſwittly round the ſun; and their 
gravity therefore varies according to the ſame law. 
The ſame is to be ſaid of Saturn's ſatellites. 

There 1s, therefore, a power that preſerves the 
ſubſtance of theſe planets in their various motions, 
acts at their ſurfaces, and is extended around them, 
decreaſing in the ſame manner as that which is 
extended from the earth and ſun to all diſtances. 

They accompany their primary planets in their 
motion round the ſun, and move about them at 
the ſame time, with the ſame regularity as if 
their primaries were at reſt. It is as in a ſhip, or 
in any ſpace carried uniformly forward, in which 
the natural actions of bodies are the fame as if the 
ſpace was at reſt, being no way affected by that 
motion which is common to all the bodies. | 

1 2 As 
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As every projectile, while it moves in the air, 
gravitates towards the ſun, and is carried along 
with the earth about the ſun, while it's own mo. 
tion in it's curve is as regular as if the earth were 
at reſt; ſo the moon, which is only a greater pro- 
Jectile, muſt gravitate towards the ſun, and while 
it is carried along with the earth about the ſun, is 
not hindered by that motion from performing it's 
monthly revolutions towards the earth. It is the 
ſame with reſpect to the other ſecondary planets, 

Thus the motions in the great ſolar ſyſtem, 
and in the leſſer particular ſyſtems of each planet, 
are conſiſtent with each other, ard are carried on 
in a regular harmony, without any confuſion or 
mutually interfering with one another, except what 
neceſſarily ariſes from ſmall inequalities in the 
gravities of the primary and ſecondary planets, and 


the want of exact paralleliſm in the direction of i ©* 
theſe gravities. 5 
Obſervation ſhews, that the deflection of the mg 
moon to the earth, and of the planets to the ſun, Ml ©” 
is accompanied by an equal and oppoſite deflection N 
of the earth to the moon, and of the ſun to the il © 
planets ; from which it is inferred, that the forces 75 
which produce theſe deflections are mutual, equal, Bir 


and oppy/ite. 
As the planets are deflected towards each 


other, and as theſe deflections are inverſely pro- 
ortional to the ſquare of the diſtance from the 
lanet towards which they are inflected ; it follows, 
that all the bodies of the ſolar ſyſtem turn towards 
each other with forces which are inverſely propor- 
tional to the ſquare of the diſtances. 

The curve which a body deſcribes deter- 
mines the law of it's gravitation, or the relation 
which ſubſiſts between the intenfity of the gravi- 
tating force, and the diſtance from the point 10 
which 1t gravitates. i 
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If the gravitation of every particle of gravi- 
tating matter is ſuppoſed to be che ſame in the 
ſame circumſtances, then the relation which is 
obſerved berween the diſtances and the periodic 
times, will determine the proportion of gravitating 
matter in a planet; and on this fuppoſition it has 
been concluded from the phenomena, that this 
proportion is the ſame in all. But as this ſup- 
poſition is not formed from any direct arguments, 
all that can be juſtly inferred from this obſerved 
relation is, that the gravitation of each planet, 
taken in cumulo, is proportional to it's quantity 
of gravitating matter. 


Or THE CENTER OF THE SOLAR SYSTEM. 


Sir Ifaac Newton having found that the celeſ- 
tial bodies gravitate towards each other, and to- 
wards all other bodies in the ſyſtem, neither of 
them, nor indeed any body in the whole fyſtem, 
can be ſuppoſed to be void of all motion. 

The center of gravity of the whole ſyſtem is 
the only point therein, which can be ſuppoſed 
quieſcent ; it is the only immoveable point, round 
which all the bodies in the ſyſtem move with va- 
rious mot ions. 8 

On an accurate examination of the tendencies 
of the planets, it is found, that the center round 
which each planet revolves, is not the center of 
the ſun, but the point which is the common center 
of gravity of the ſun and planet, whoſe revolution 
is conſidered. Thus the maſs of the fun being to 
that of Jupiter, as I to 3% and the diſtance of 
Jupiter from the ſun being to the ſun's ſemi- 
diameter in a ratio ſomewhat greater, it fol- 
lows, that the common center of gravity of Jupiter 
and the ſun is not far diſtant from the ſyrface of 


the ſun, 
5 13 By 
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By the ſame methods of reaſoning, it is found, 
that the common center of gravity of Saturn and 
the ſun falls within the ſurface of the ſun; and 
alſo, that if all the planets were placed on the ſame 
ſide of the ſun, the common center of gravity of 
the ſun and all the planets, would ſcarce be one of 
his diameters diſtant from his center. 

It is about this center of gravity, that the 
planets revolve; and the ſun himſelf oſcillates round 
this center in proportion to the actions of the 
planets exerted on him. 

When, therefore, the motion of two bodies, 
whereof the one revolves round the other, is con- 
ſidered rigorouſly, the central body ſhould not be 
regarded as fixed, as they both revolve round their 
common center of gravity; but the ſpaces they 
deſcribe round this common center being in the 
inverſe ratio of their maſſes, the curve deſcribed 
by the body which is the greateſt mals, is almoſt in- 
ſenſible; for which reaſon, the curve deſcribed by 
the body, whoſe revolution is ſenſible, is only to 
be conſidered, and the ſmall motion of the central 
body, which is regarded as fixed, is neglected. 

The earth and the moon therefore revolve 
round their common center of gravity, and this 


center of gravity revolves round the center of gra- 
vity of the earth and ſun. The caſe is the ſame 


with Jupiter and his moons, Saturn and his ſatel- 
lites, and with the ſun and all the planets. And 
the ſun, according to the different poſition of the 
planets, moves ſucceſſively on every fide around 
the common center of. gravity of our planetary 
ſyſtem. 

This center is the point where all the bodies 
of our planetary ſy! ſtem would meet, if their pro- 
jectile forces were deſtroyed, though the ſun 1s in 


perpetual agitation, being, as I have ſhewn you, ſo 
near 
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near it, he may with propriety be conſidered by 
aſtronomers as the center of the ſolar ſyſtem. 


Gravity produces ſome ſmail irregularities in the 
motion of the planets, 


The regularity of the - planetary motions is 
diſturbed by their mutual gravitation, each diſturb- 
ing the motions of the other, with a force propor- 
tional to it's quantity of matter directly, and to 
the ſquare of it's diſtance from them inverſely. In 
order to calculate theſe diſturbances, it was neceſ- 
fary for mathematicians previouſly to aſcertain the 
quantity of matter in the ſun and planets. 

When a fleet of ſhips is carried away by a cur- 
rent that affects them equally, it has no effect on 
their particular morions amongſt themſelves, nor 
is the motion from the current diſcovered by them, 
unleſs they have ſome body in fight, that is not af- 
tected. thereby in the ſame manner. The regula- 
rity in the motions of a planet A round the ſun, 
would not be diſturbed by the gravitation to a pla- 
net B, if the ſun and the planet A did gravitate to 
B with equal forces, and in parallel directions; and 
the diſturbance of the motion of A, ariſes from the 
inequality and obliquity of the gravitations of the 
ſun, and of A and of B. | 

In conſequence of this diſturbing force, the 
motion. of the earth in it's orbit 1s retarded, from 
the time that Jupiter is in oppoſition to the time 
that he is in quadrature with the ſun. It is then 
accelerated till he is in conjunction, then retarded 
till he is in quadrature, and then accelerated till he 
is again in oppoſition. 

The earth's gravitation to the ſun is increaſed 
while Jupiter is in or near the quadratures, and di- 
miniſned while he is in or near the conjunction 
and oppoſition. | RO To 
: | 1 85 4 . | The 
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The augmentation of the earth's gravitation 
to the ſun is greateſt when Jupiter is in quadrature, 
being then about 5535 of the whole gravitation to 
the ſun. The diminution of the earth's gravitation 
to the ſun is greateſt when Jupiter 1s in oppoſition, 
being then about 7&7 of the whole gravitation, 

The diminution of the earth's gravitation to 

the ſun when Jupiter is in conjunction, is about 
rd of the whole gravitation. 
«7 conſequence of this change in the earth's 
gravitation to the ſun, the line of the apſides of 
the earth's orbit changes it's place in the heavens, 
ſometimes advancing, and ſometimes retreating ; 
but, on the whole, advancing, becauſe the earth's 
gravitation to the ſun is more diminiſhed than it is 
augmented. 

In like manner, the aphelion of any ie 
planet advances in conſequence of the gravitation 
to the ſuperior planets; but the aphelion of a ſupe- 
rior planet retreats in conſequence of it's gravita- 
tion to the inferior planets. For theſe reaſons, and 
becauſe Jupiter and Saturn are much larger than 
the inferior planets, the aphelia of all the planets, 
excepting Saturn, advance, while the aphelion of 
Saturn retreats. ' 

| "The accelerations and retardations of the pla- 


nets Mercury, Venus, the Earth, and Mars, ariſing. 


. from their mutual gravitations, and their gravita- 
tions to Jupiter, nearly compenſate each other; and 
no effects of them are perceived in any long tract 
of years. But the poſition of the aphelia of Jupiter 
and Saturn is ſuch, that the retardations of Saturn 
ſenſibly exceed the accelerations; ' ſo that the ano- 
maliſtic period of Saturn is increaſing, at preſent, 
about a day in a century. On the contrary, the 
period of Jupiter is diminiſhing. ' 

The diſturbances occaſioned by the guitual 


gravitations of the P and comets are conſider- 
| able. 
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able. The comet of 1777 has ſuffered a remark- 
able change 1n it's motions by the action of Jupiter. 
The earth's motion round the ſun is remarka- 
bly affected by the moon. EE. 
In conſequence of the mutual gravitations of 
the planets, the nodes of a diſturbed planet retreat 
on the orbit of the diſturbing planet. Hence the 
nodes of all the planets retreat on the ecliptic, ex- 
cept that of Jupiter, which advances by retreating 
on the orbit of Saturn, from which it ſuffers the 
greateſt diſturbance. 


Or ThE APPROACH AND RECESS OF THE PLANETS 
TO AND FROM THE SUN IN EVERY REVOLUTION. 

Having ſhewn you that the forces which pro- 
duce the regular motions of the planets, vaſtly ex- 
ceed thoſe that diſturb them, I ſhall explain more 
fully, how the motions in their orbits proceed from 
the actions of thoſe powers; and how the planet 
is made to aſcend and deſcend by turns, while it 
revolves about the center of it's gravitation. 

We have nothing ſimilar to this in the mo- 
tion of heavy bodies at the earth's furface ; but you 
muſt remember, that the force, with which heavy 
bodies are projected from our moſt powerful en- 
gines, is inconſiderable, compared with the motions 
which their gravity could generate in them in a 
few minutes ; and they move over ſuch ſmall ſpaces 
when compared with their diſtances from the cen- 
ter of the earth, that their gravity is conſidered as 
acting in parallel lines, without any ſenſible error; 
ſo that the centrifugal force ariſing from the rota- 
tion about that center, is altogether neglected. 
But when the motion of a projectile in the 
larger ſpaces is examined, and traced in it's orbit, 
it is neceſſary to take in the centrifugal force, 
ariſing from it's motion of rotation about that 

j; nr os center; 
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center; and then it will appear, that there are in- 
deed ſome laws of gravity, which would make the 
body approach to the center continually, till it fall 


into it, but that there are other laws which make 


bodies to approach, and ſuſſer them to recede from 
it by turns. 1 
If a planet at B, fig. 6, pl. 15; gravitates, or is 
attracted toward the ſun, ſo as to fall from B to y 
in the time that the projectile force would have 
carried it from B to X, it will deſcribe the curve 
BY by the combined action of theſe two forces, in 
the ſame time that the projectile force ſingly would 
have carried it from B to X, or the gravitating power 


ſingly have cauſed it to deſcend from B to y; and 


theſe two forces being duly proportioned, and per- 
pendicular to each other, the planet obeying them 


both, will move in the circle BY T. 


But if whilſt the projectile force would carry 
the planet from B to b, the ſun's attraction 
(which conſtitutes: the planet's gravitation) ſhould 


bring it down from B to 1, the gravitating power 


would then be too ſtrong for the projectile force, 
and would cauſe the planet to deſcribe the curve 
BC. When the planet comes to C, the gravi- 
tating power (which always increaſes as the ſquare 
of the diſtance from the ſun diminiſhes) will be yet 
ſtronger for the projectile force; and by conſpir- 
ing in ſome degree therewith, will accelerate the 

lanet's motion all the way from C to K; cauſing 


it to deſcribe the arcs BC, CD, DE, EF, &c. all 


in equal times. Having it's motion thus accele- 
rated, it thereby gains ſo much centrifugal force, 
or tendency to fly off, at K in the line K k, as over- 
comes the ſun's attraction; and the centrifugal 
force being too great to allow the planet to be 
brought nearer the ſun, or even to move round him 
in the circle KJ men, &c. it goes off, and aſcends 


in the curve K LM N, &c. it's motion decreaſing 


as 
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as gradually from K to B, as it increaſed from B to 
K; becauſe the ſun's attraction now acts againſt 
the planet's projectile motion, juſt as much as it 
acted with it before. When the planet has got 
round to B, it's projectile force is as much dimi— 
niſhed from it's mean ſtate about G or N, as it was. 
augmented at K; and ſo, the ſun's attraction being 
more than ſufficient to keep the planet from going 
off at B, it deſcribes the ſame orbit over again, by 
virtue of the ſame forces or powers. | | 
A double projectile force will always ballance a 
quadruple power of gravity. Let the planet at B 
have twice as great an impulſe from thence to- 
wards X, as it had before; that is, in the ſame 
length of time it was projected from B to b, as in 
the laſt example, let it now be projected from B to 
c; and it will require four times as much gravity to 
retain it in it's orbit; that is, it mult fall as far 
as from B to c: otherwiſe it could not deſcribe 
BD, as is evident by the figure. But, in as much 
time as the planet moves from B to C in the higher 
arts of it's orbit, it moves from I to K, or from 
K to L, in the lower part thereof ; becauſe, from 
the joint action of theſe two forces, it muſt always. 
deſcribe equal areas in equal times, throughout it's 
annual courſe, Theſe areas are repreſented by the 
triangles BSC, CS D, DSE, ES F, &c. whoſe 
contents are equal to one another, quite round the 

figure. 5 | 
As the planets approach nearer the ſun, and 
recede farther from him, in every revolution, there 
may be ſome difficulty in conceiving the reaſon 
why the power of gravity, when it once gets the 
better of the projectile force, does not bring the 
planets nearer and nearer the ſun in every revolu- 
tion, till they fall upon and unite with him; or why 
the projectile force, when it once gets the better 
of gravity, does not carry the planets farther and 
| | 8 farther 
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farther from the ſun, till it removes them quite 
out of the ſphere of his attraction, and cauſes them 
to go on in ſtrait lines for ever afterward : but 
by conſidering the effects of theſe powers, this dif- 
ficulty will be removed. Suppoſe a planet at B 
to be carried by the projectile force as far as Bro 
b, in the time that gravity would have brought it 
down from B to 1 ; by theſe two forces it will de- 
ſcribe the curve C; when the planet comes down 
to K, it will be but half as far from the ſun 8, as 
it was at B; and therefore, by gravitating four 
times as ſtrongly towards him, it would fall from 
K to V in the ſame length of time that it would 
have fallen from B to 1 in the higher part of it's 
orbit, that is, through four times as much ſpace; 

but it's projectile force is then ſo -much increaſed 


at K, as would carry it from K to k in the ſame 


time; being double of what it was at B, and is 
therefore too ſtrong for the gravitating power, 
either to draw the planet to the ſun, or caufe it to 
go round him in the circle KI mn, &c. which 
would require it's falling from K to w, through a 
greater ſpace than gravity can draw it, whilſt the 


projectile force is ſuch as would carry it from K to 


k; and therefore, the planet aſcends in it's orbit 
KL M N, decreafing 1 in it's weggeſey for the cauſes 
already aligned. 


Tus Moon's O e i 


There is nothing that ſhews better the excel- 
lency of the New rox IA philoſophy, or more clearly 
demonſtrates the truth of it's principles, than it's ſo 
caſily, and clearly, accounting for thoſe many irre- 


gularities of motion, to which all /econdary Planets, 


and the moon in particular, are ſubject. 
Though theſe are called irregularities, yet 


they are not to be apprehended as random or for- 
tuitous 
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tuitous ones, but ſuch as are regular under the like 
circumſtances, and ſubject to numbers and calcula- 
Lion. 
For it was by obſerving the period of theſe 
lunar inequalities, that Dr. Halley was enabled to 
foretel an eclipſe of the ſun, with an exactneſs 
little inferior to the obſervation itſelf. 

It hath been ſeen before, that gravitation is a 
principle belonging to all gravitating matter ; and 
that bodies, deſcribing orbits about another placed 
in the center of their motion, by a centripetal an 
projetile force, deſcribe equal areas in equal times. 
| As this is the law by which the primary planets 

regulate their motions about the ſun, ſo likewiſe, 
was there no ſun, by the ſame law would the moo 
3 her motion about the earth. 

This tendency of the moon towards the ſur, 
then, is the cauſe of thoſe inequalities in her mo- 
tion, which are {tiled her * 


 IRREGULARITIES. 

Theſe are commonly reckoned eight, arifing 
from cauſes now to be mentioned. | 

I. That variation, whereby, if we ſuppoſe E 
the earth, fig. 7, pl. 15, and the circle AB CD 
the orbit of the moon, while the moon deſcribes the 
quadrant A B, that is, while ſhe goes from the 
quadrature to the conjunction, the force tending to- 
wards the ſun at 8, conſpires with the force tend- 
ing towards the earth at E, and therefore accele- 
rates her motion. But while ſhe goes irom the 
conjunction B to the next quadrature C, the force 
tending towards the ſun will act contrary to the 
force tending towards the earth, and theretore will 
retard her motion. 

In the ſame manner while ſhe goes from the 


quadrature C, to the next 00 D, the ſame force, 


— ——— 
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tending towards 8, will accelerate her again; but 
while the goes from thence to the guadrature at A, 
it will retard her again. 

The moon therefore, in her monthly revolu- 
tion about the earth, is, by this action of the ſun, 
alternately accelerated and retarded. 

II. This force tending towards the ſun being 
the DisrugBzINxG FORCE, or that force which pre- 
vents the moon from deſcribing about the earth 
equal areas in equal times, will be greateſt at the 
ocrAd rs. . 

For this force being reſolved into two others, 


after Sir I. Newt9n's manner, one of them at the 


quadratures, or ſyzygies, will be found to point 
From or tawards E the center of the earth directly, 
and therefore will not hinder the moon from de- 
fcribing equal areas in equal times; the other, like- 
wiſe, in thoſe places will be found to tend towards 


„the center of the fun, and therefore neither of 


them will prevent the moon there from deſcribing 
equal areas in equal times, i. e. will not at the qua- 
dratures diſturb the moon's motion at al. 
But when the moon is in the ofoants, as at L, 
fg. 8, pl. 15, this force being reſolved into wo 
others, one of them, as L H, will point directly to, 
or from, the center of the earth, and therefore will 
increaſe ' or diminiſb the moon's tendency towards 
the earth, but not hinder her from deſcribing equal 
areas in equal times. But the other, as LI, or H G, 
points neither towards the center of the earth, nor 
ſun, and therefore, in the oants, prevents her de- 
ſcribing equal areas in equal times. | 
| But this being the mid-way between the qua- 
grature and the /yzygy, in both which places this 
diſturbing force doth nor prevent the moon from 
deſcribing equal areas in equal times, it follows, 
that at the oants, this diſturbing force will be 


reateſt of all. 
6 And 
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And for this reaſon it hath always been found 
more difficult to obtain the moon's place in the 
ofants agreeing with obſervation, than at the 
ſyzygies, or quadratures. 
III. The moon's orbit is more curved i in the 
quadretures than in the /yzygres. 
For her motion being accelerated e her 
ſs from the quadratures to the /yzygres, in 


the /yzygies her motion will be guicter than it 


ht-otherwiſe to be, and therefore her cen ripetal 
force leſs than it would otherwiſe be. She will 
therefore at the /y2zygres deſcribe the portion of a 
larger curve, which conſequently will be 4% carved 
than a ſmaller. That is, inſtead of deſcribing the 
curve A B, fig. 9, Pl. 1 5, or CD, me will deſcribe 
the curve E F, or 

On the other bens, while the moon goes from 


the /yzygres to the quadratures, her motion is con- 
tinually retarded, and therefore, at the quadratures, 


her motion will be ſlower than it would otherwiſe 


be. At the guadratures therefore the moon will 


deſcribe the portion of a leſſer curve, which there- 
fore will be more curved than a larger curve. That 
is, inſtead of deſcribing the curve A B, or C D, 
he will deſcribe the curve E F, or G K, hg. _ 
pl. 18. 
Therefore, at the qnuadraianes, the moon's 
orbit is more curved than at the /yzygres. 

IV. Since theſe irregularities in the moon's 
motion proceed, as was ſaid, from the action of 
the fun, it will. follow, that where the action of 
the ſun is greazeſt, the irregularities. ariſing from it 
will be-greate/t alſo. But the nearer the earth is to 
the ſun, the greater will be the action of the ſun 
upon the neon. And the more ſhe tends: towards 
the ſun, the 4% will ſhe tend towards the earth. 


When therefore the earth is at the peribelion 


P. fig. 11, pl. 15, and conſequently at it's left diſ- 
tance 
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tance from the ſun, the action of the ſun upon the 


moon will be greatet, and deſtroy more of it's 
tendency towards the earth than at any other dif. 
tance, as S D, SC, SB, &c. © 

Therefore when the earth is at the peribelion 
P, the moon will deſcribe a larger orbit about the 
earth, than when the earth is at any other diſtance 


from the ſun, and conſequently then, her periodi- 


cal time will be the longeft. 
But the earth is at it's perihelion in the win- 


ter, and, conſequently, then the moon will deſeribe 


the outermoſt circle about the earth, and her perio- 
dical time will be the longeſt. And this agrees 
with obſervation. 


For the ſame reaſon, when the oc is at it's 


apbelion A, the tendency of the moon towards the 


earth will be the greateſt, and conſequently her 


periodical time the leaſt. And in this caſe, which 
will be in the ſummer, ſhe will deſcribe: the inner- 
7 50 circle about the earth. 

. V. Since the moon, from what has been ſaid, 
appears to deſcribe an elliptical orbit about the 
earth E, fg. 12, pl. 15, in the focus of it; and 
fince her centripetal force towards the earth, by 


means of the action of the ſun, is continually in- 


creaſing, or decreaſing, but not equably, that is, 
ſometimes l/s, and ſometimes more, than in the 
inverſe duplicate proportion of the diftance of the 
moon from the earth; therefore, in this caſe, the 


line of the moon's apſides AB will be continually 


going backwards, or forwards. That is, the axis 
AB will not always lie in that ſituation, but go 
backwards into the ſituation K I, or forwards into 
the ſituation FG. 

Since however, taking one whole revolution 
of the oon about the earth, the action of the fun 
more diminiſhes the tendency.of the moon towards 


the earth, than it augments it, therefore the motion 
| of 
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of the apſides forwards, exceeds their motion back- 
wards. Upon the whole therefore the ap/ides of the 
moon's orbit go forwards, or according to the or- 
der of the ſigns. T7 FP 24 

VI. Becauſe the moon deſcribes an eccentrical 


orbit about the earth at E, fig. 13, pl. 15, and the 


action of the ſun upon her ſometimes 7ncrea/es her 
tendency towards the earth, and ſometimes dimi- 
niſbes it, i. e. makes her gravity towards the earth 
increaſe, or decreaſe, too faſt. If while the moon 
aſcends from her lower ap/ide A, her gravity towards 
the earth decreaſeth 7oo fafi, inſtead of deſcribing 
the ſemi-ellipſis A B C, and coming to the higber 
agſide at C, as ſhe would otherwiſe do, ſhe will run 
out in the curve BF D, and come to the higher ap- 
fide at F. But the curve A BF D is more eccentric 
than the curve AB C D. | | 

Therefore when the gravity of the moon to- 
wards the earth decreaſes too faſt, the eccentricity 
of her orbit will creaſe. 

On the other hand, if the moon is going from 
her higher ap/ide C, fig. 14, pl. 15, to her lower A, 
and her gravity towards the earth increaſes too faſt, 
inſtead of deſcribing the ſame ellipſis C D A, and 
ſo coming to the lower ap/ide at A, ſhe will ap- 


proach nearer to the earth, and deſcribe the curve 


DF B, and ſo come to the lower apfide at F. But 
the curve C D F B, will be /e/s eccentric than the 
curve DA BC. | „ 
Therefore, when the gravity of the moon to- 
wards the earth increaſes too faſt, the eccentricity 
of her orbit will decrea/e, and the orbit itſelf will 
approach nearer to a circle. 
Therefore, the eccentricity of the moon's orbit 
will be continually varying. | 
VII. In confidering the 7rregnlarities of the 
moon's motion, we have hitherto ſuppoſed the 


plane of her orbit as coinciding with the plane of 


Ver, IV. 8 U the 
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the ecliptic, becauſe her motion would be affected 
with the irregularities hitherto ſpoken of, if in 


reality it did ſo. 
But it hath been before obſerved, that one 


half of the moon's orbit A C B, fig. 15, pl. 15, is 


raiſed above the plane of the ecliptic AEBG, 
and the other half ADB depreſſed below it; and 
the poruts A B, where the moon's orbit croſſeib 
the plane of the ecliptic, are called the Nopss, and 
the line A B, joining theſe points, is called the 
LINE of the NODES. 

But when this line of the nodes A B lies in 
conjunction with the ſun 8, it is at ref}, but in all 
other poſitions it goes backwards. 

When this line of the nodes A B, lies in the 


quadrature, fig. 16, pl. 15, with the ſun . it goes 


Bac krwards faſteſt of all. 

VIII. It has been formerly obſerved, that the 
orbit of the moon is inclined to the plane of the 
ecliptic in a certain angle; but this angle is not 
conſtanily the ſame, but ſometimes greater and 
ſometimes 4%, depending upon the different po- 
ſition of the line of the moon's nodes with reſpect 
to the ſun. 

When the line of "the nodes AB, fig. 17, 
N paſſes through the He, the plane of 
the moon's orbit produced paſſes through the cen- 
ter of the ſun S8, and conſequently, not being at- 
fected by the action of the ſun, is then at it's 
greateſt ſtate, making an angle with the ins 5 
of about 5 degrees, 18 minutes, 


When the line of the moon's nodes A B, fg. 


18, pl. 15, lies in a quadrature with the ſun 8, 
then, ſuppoſing the line AB CD to repreſent the 
plane of the ecliptic, and A E B F the orbit of the 
moon, let the moon be ſuppoſed to have juſt now 
paſſed the a/cending node at A, and going to her 
coujundtion with the ſun at E. 


The 
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The moon will then be going farther and 
farther from the plane of the ecliptic AB CD, and 
was there no action of the ſun, would come in con- 
junction with him at E. 

But, becauſe of the action of the ſun, the moon, 
in going from the quadrature at A, towards her 
conjunction, will be perpetually drawn down to- 
wards the ecliptic, and therefore will not come to a 
conjunction with the ſun at E, but at G, making 


an angle with the ecliptic G A C leſs than EAC. 


But the ſun continuing ſtill to act, after the 
moon has arrived at her conjunction, will go on to 
draw her down towards the ecliptic; by which 
means, ſhe will not croſs the ec/ip7ic at the point 
B, her former node, but in ſome other point nearer 
to the ſun, as K. . | 
But wherever the moon croſſes the ecliptic is 
her node. Therefore, her node, in the mean time, 
hath gone backward from B to K, fg. 19, pl. 15, 
and the moon hath deſcribed a ſemi-orbit A G K, 
making a /e/s angle with the ecliptic, than the 
orbit A E B, which ſhe would have deſcribed had 
there been no action of the ſun at all. | 


CONCLUSION. 


Ariſtotle concludes his treatiſe de mundo, with 
obſerving, that © to treat of the world without 
ſaying any thing of it's author would be impious,”” 
as there is nothing we meet with more frequently 
and conſtantly in nature, than the traces of an all- 
governing Deity. | 

The philoſopher who neglects theſe traces, 
and contents himſelf with the appearances only 
of the material univerſe, and the mechanical laws 
of motion, neglects what is ο excellent ; and pre- 


ters what is imperfect to what is ſupremely perfect, 
U 2 finitude 
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finitude to infinity, what 1s narrow and weak to 
what is unlimited and almighty, and what is pe- 
riſhing to what endures for ever. Thoſe who do 
not attend to the manifeſt indications of ſupreme 
wiſdom and goodneſs perpetually appearing before 
them, wherever they turn their views or inquiries, 
too much reſemble thoſe ancient philoſophers, who 
made night, maller, and chaos, the em of all 
things. 

The ptain argument for the exifience of the 
Deity obvious to all, and carrying with it irreſiſti- 
ble conviction, 1s from the evident contrivance and 
fitneſs of things for one another, which ve meet 
with throughout all parts of the univerfe. There 
is no need of nice or ſubtle reaſonings in this mat- 
ter; a manifeſt contrivance immediately ſuggeſts 
a contriver. It ſtrikes us like a ſenſation; artful 
rcaſonings againſt it may puzzle us, but it is with- 
out ſhaking our belief. 

No perſon, for inſtance, that knows the prin- 
ciple of optics, and the ſtructure of the eye, can 
believe that it was formed without ſkill in that 
ſcience ; or that the ear was formed without the 
knowledge of ſounds; or that male and female in 
animals were not formed for each other, and for 
continuing the ſpecies. All our accounts of na- 
ture are replete with inſtances of this kind. 

The admirable and beautiful ſtructure of things 
for final cauſes, exalts our idea of the contriver ; 
the unity of the deſign ſhews him to be one,; revela- 
tion, that this one is Ze/us Chriſl, The great mo- 
lions in the ſyſtem performed with the fame facili- 
ty as the leaſt, ſuggeſt his almighty power, which 
gave motion to the earth and the celeſtial bodies, 
with equal eaſe as to the minuteſt particles. The 
ſubtilty of the motions and actions in the internal 
parts of bodies, ſhews that his influence penetrates 
the inmoſt recef les oi things, and 1s every where 
So exerted, 
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exerted. The ſimplicity of the laws that prevail 
in the univerſe, the excellent diſpoſitions of things, 
in order to obtain the beſt ends, and the beauty 
which adorns the works of nature, far ſuperior to 
any thing in art, ſuggeſt his conſummate wz/dom. 
The uſefulneſs of the whole ſcheme, ſo well con- 
trived for the intelligent beings that enjoy it, with 
the internal diſpoſitions and moral ſtructure in thoſe 
beings themſelves, ſhew his unbounded goodne/s. 
Theſe are arguments which are ſufficiently 
open to the views and capacids of the unlearned, 
while at the ſame time they acquire new ſtrength 
and luſtre from the diſcoveries of the learned. 
Gob acting and interpoſing in the univerſe, ſhews 
that he governed it, as well as that he formed it; and 
the depth of his counſels, even in conducting the 
material univerſe, of which a great part ſurpaſſes our 
knowledge, keeps up an inward veneration and awe 
of this great Being, and diſpoſes us to receive what 
may be otherwiſe revealed to us concerning him. 
It has been juſtly obſerved, that ſome of the 
laws of nature now known to us, muſt have ef- 
caped us if we had wanted the ſenſe of fight. 
God can beſtow upon us other ſenſes of which we 
have at preſent no idea, without which it may be 
impoſſible for us to know all his works, or to have 
more adequate ideas of his nature. In our preſent 
ſlate we know enough to be convinced of our de- 
pendency on him, and of the duty we owe to him 


as the Lord and diſpoſer of all things. 


Though the power of Gop is manifeſted in all 
his works, it is in the heavens that it ſtill ſeems to 
beam forth in it's greateſt luſtre. By his power 


acting there, he directs the courſes of the planets, 


determines the circumſtances of their motions, and 
fixes the times of their revolutions. As a General 


at the head of an army, h gives the ſignal to the 
heavenly bodies, and immediately they ſhoot forth, 
' 
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and proceed in their proper orbits. It is in conſe- 
quence of the laws laid down by Him, that the 
moon goes round the earth in a month. It is kr 
that has combined the two motions of the earth, 
one by which we obtain the viciſſitudes of 
day and night; the other by which the ſa. 
ſons of the year are brought about. He it is, 
who, at the appointed times, ſends ſalutary winds, 
and fruitful rains and dews; who gathers together 
the waters in their ſources, and cauſes them to flow 
from thence in the beds of rivers, to their great re- 
ceptacle the ſea. It is ne who makes the buds to 
open, the fruits to ripen, and animals to be proli- 
fic, ordering all things according to their different 
nature, regulating their birth, their growth, and 
their diſſolution. 

Though the Author of ſo many wonders be 
inviſible, you cannot on that account deny his 
power, or doubt his exiſtence. You cannot ſee 
your ſoul, yet the effects it produces in you and 
around you, are ſenſible proofs of it's exiſtence, 
It is the ſame with many of the operat ions in na- 
ture. In like manner, Gop alſo, though inviſible 
in himſelf, is viſible in all his works, and in them 
appears equally ſtrong in power, admirable i in wil- 
dom, eternal in duration, and ſupreme in perfec- 
tion. 

The whole univerſe conſpires to celebrate his 
praiſe; from whom it derives all it's majeſty and 
beauty. The ſun that ſhines in brightneſs, declares 
the ine ffable ſplendor of it's almighty creator. The 
moon and ftars proclaim to an underſtanding 
heart, the adorable power of the hand that guides 
them. The earth, ſo richly ſtocked with produc- 
tions of higher and lower rank, with the various 
kinds of vegetable and animal life, paints in the 
ſtrongeſt terms, the riches of the divine gs 
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from whom iſſues all that adorns the earth, im- 


proves the mind, and delights the ſenſes; govern- 


ing all things with infinite wiſdom, goodnefs unli- 
mited, power uncontrouled. | 

That a Divine Mind preſides over and governs 
the univerſe, is indeed the natural concluſion drawn 


by common reaſon, from the evidence of common 


ſenſe, For who that fees 7hts univerſal frame thus 
wondrous fair, but muſt infer the cauſe of it to be 
full of wondrous beauty ? Who, that obſerves ever 
ſo ſlightly that conftancy which is in the motions 
of the planets, and in the riſings and ſettings of 
the fixed ſtars, &c. can poſſibly imagine the incon- 
flancy of chance to be the mover? What man, not 
diſordered in his own mind, can ſuppoſe any other 
thing than mind to be the cauſe of that everlaſting 
erder, which appears in the regular interchanges of 
the elements, and the circling returns of the ſuc- 
ceſſive ſeaſons. 

As far as I have conducted you through various 
branches of natural philoſophy ; as far as I have 
proceeded in giving you a general view of the ſyſ- 
tem of the world, beauty has every where ſtruck 
your eye, and engaged you to proceed and ſcruti- 
nize further the operations in nature. The more 
accurate your ſcrutiny, the more you will diſcover 
of regularity, ſymmetry, and order, in the conſtitu- 
tion of nature's frame; the further you penetrate 
into her deep receſles, dividing and ſubdividing, 
opening and unfolding, the minuteſt part of every 
viſible form, the ſtili more you will find of beauty 


within beauty, and find every order to contain a va- 


riety of other orders. 
When you ſee he ſun arrayed in glory, and the 
grandeur of it's departing beams! 
When you view the gilded clouds, and the 
tint of the evening brighter than vermillion! | 
When you ſurvey the ſtarry concave of 
4 heaven, 
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heaven, glittering with the brightneſs of 1 innume. 
rable worlds! 

When you ſee the pale moon alſo, arifing and 
diffuſing it's ſolemn light over the face of the 
earth! 

Are you not filled with reverence? can you re. 
frain from lifting up your ſoul unto it's maker? 


How great is the creator of all theſe things, yea 


how 5 and good! 

O Lord God; all that is in heaven and in 
earth 1 is thine, and thou upholdeſt all. 
" Adored by thy name, for ever and ever: and 
be thou, O moſt mighty, n in all thy 
works.“ 


* King's Hymns 16 the Supreme Being, 


LECTURE 
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LECTURE XLVI 


Or ELEcTRICITY. 


R. STILLINGFLEET has well obſerved, 


IVI that if the whole ſcene of nature were laid 


open to our view, were we permitted to behold the 
connections and. dependencies of every thing on 
every other, and to trace the ceconomy of nature 
through the ſmaller, as well as the greater parts of 
this globe, we ſhould probably find, that the great 


architect had contrived his works in ſuch a manner, 


that we cannot properly be ſaid to be unconcerned 
in any one of them; and therefore, thoſe ſtudies, 
which ſeem upon a ſlight view to be quite uſeleſs, 
may in the end appear of no ſmall importance to 
mankind. 5 | | 

If you look back into the hiſtory of arts and 
ſciences, you'will be convinced, that men are apt 
to judge too haſtily of things of this nature; you 
will there find, that he who gave curioſity to his 
creature, man, gave it for good and great purpoſes; 
and that he rewards with uſeful diſcoveries what in 
the firſt inſtance are condemned as trifling or/ mi- 
nute reſearches. 

But it 1s true, that theſe diſcoveries are not al- 
ways made by the ſearcher, or his cotemporaries, 
or ſometimes even by the immediate ſucceeding 
generation; but there can be no doubt, but what 
advantages of one kind or other always accrue to 
mankind from an inveſtigation of the operations in 
nature, Some men are born to obſerve and record, 


what perhaps by itſelf is perfectly uſeleſs, but yet of 


great importance to another who follows and goes a 
ep further, ſtil] as uſeleſs to him; another ſucceeds 
915 8 | and 
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and thus by degrees, till at laſt one of ſuperior 
genius comes, who laying all that has been done 
before his time together, brings on a new face of 
things, improves, adorns, exalts human ſociety. 
All thoſe ſpeculations concerning ines and 
numbers ſo ardently purſued, fo exquiſitely con- 


ducted by the Grecians, what did they aim at? 


what did they produce for ages? A little arith. 
metic, and- the firſt elements of geometry, were 
all they had need of. This Plato aſſerts; 
and though, as being himſelf an able mathema- 
tician, and remarkably fond of thoſe ſciences, 
he recommends the ſtudy of them, yet he makes 
uſe of motives that have no relation to the com- 
mon purpoſes of life. 2 

When Kepler, from a blind and ſtrong im- 
pulſe, merely to find analogies in nature, diſco- 
vered that famous law between the diſtance of the 
ſeveral planets from the ſun, and the periods in 
which they complete their revolutions, of what 
importance was it to him or to the world? 

Again, when Galileo, puſhed on by the ſame 
irreſiſtible curioſity, found out the law by which 
bodies fall to the earth, did he, or could he fore- 
ſee that any good could come from his ingenious 
theorems? or was there any immediate uſe made of 
them? ; 

Yet had not the Greeks puſhed their abſtract 


ſpeculations fo far; had not Kepler and Galileo 


made the above-mentioned diſcoveries, we never 
could have ſeen the greateſt work that ever came 
from the hands of man, Sir Jaac Newton's Prin- 
cipia. 

£ Some obſcure perſon, whoſe name is not ſo 
much as known, diverting himſelf idly (as a ſtander 
by would have thought) with trying experiments 
on a ſeemingly contemptible piece of fone, found 


out a guide for mariners on the ocean, and ſuch a 


guide, 


nnr Execrnrcrvy, 2899 


guide, as u ſcience, however ſubtil and ſublime 
it's ſpeculations may be however wonderful it's 
concluſions, could ever have attained. It is the 
fame with electricity. Who could have ſuppoſed, 
on ſeeing a perſon amuſing himſelf with the effe& 
of excited amber on light bodies; that this was one 
of the firſt links in a ſcience that ſhould teach men 
how to diſarm the clouds of lightning, diveſt the 
ſtorm of it's terrors, and give life and p power to the 
animal frame. 

Other inſtances might be produced to prove, 
that bare curioſity in one age, is the ſource of the 
greateſt utility in another; "and what has been fre- 
quently ſaid of the chemiſts, may, perhaps, be ap- 
plied to every other kind of virtuoſi. They hunt, 
perhaps, after chimeras and impoſſibilities, and 
find ſomething really valuable by the bye. We are 
but inſtruments under THE SUPREME DIRECTOR, and 
do not know in many caſes, what is of moſt im- 
portance for us to ſearch after; but we may be ſure 
of one thing, that if 'we ſtudy and follow nature, 
whatever paths we are led into, we ſhall at laſt 
arrive at ſomething valuable to ourſelves and 
others, but of what kind, we muſt be content to 
be ignorant. 

The nature of aqueous vapours, of fire, and the 
electrical fluid, will clearly prove to you, that a 
number of ſubſtances may act in nature without 
being known to us, and that it js our ignorance of 
their exiſtence, which envelopes in obſcurity fo 
many phenomena. 

If it were not for the viſible diminution of 
water when it's ſurface is expoſed, and for the hy- 
groſcopical appearances, we ſhould not have known 
that aqueous vapours exiſted in the atmoſphere. 
Notwithſtanding all theſe phenomena, there are ſtill 
thoſe who do not admit their exiſtence. It is not 
diffcult, how ever, to ſhew that the effects produced 

by 
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by this fluid, while in an imperceptible ſtate, are 
incomparably greater than the immediate ſymp. 


toms of it's exiſtence. 


Again, without Heat, an effect which is only 
produced by fire when it 1s diſengaged or free, 
we ſhould have been ignorant of the exiſtence of 
fire: yet how great and various are the effects it 
produces in the combined or latent ſtate! Heat is 
a ſymptom of the preſence of this fluid, and of it's 


degree of denſity, when free and diſengaged ; but 


jf you ſeek to follow it in the phenomena of na- 
ture, you find that when it eſcapes from obſerva- 
tion, it is acting the moſt important of parts. It is 


the ſame with /;gh?, the companion of fire. If it 


were not for the impreſſion it makes upon our eyes, 


we ſhould be ignorant of the greateſt and moſt im. 


mediate agent of all terreſtrial phenomena. 


Thus you ſee, that there are ſubſtances of the 
greateſt importance for modifying thoſe which |} 
are more groſsly perceptible, and of which, in the 


mean time, we have little or no knowledge, though 
they are producing the greateſt effects. | 


But till further, the notions and light occa- | 
fioned by the eledtrical fluid, when it's natural | 


equilibrium is diſturbed, are the only , which 
give us notice of it's exiſtence. All eleFrica! 
phenomena concur in proving the exiſtence of a 
certain fluid, poſſeſſed of certain characters, capa- 
ble of particular modifications, and diſſeminated 
over the whole ſurface of the globe; the 2why or 
wherefore is ſtill unknown, we are ſtill ignorant of 
it's functions. But we are at the ſame time 1gno- 
rant of the cauſe of ſo many phenomena in nature, 
that we ought not to deſpair of being able to diſ- 
cover thoſe with which it 1s connected, -and how 
it influences them by it's compoſition and decom- 
poſition. 8 


1 85 | + tel 
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It reſults from the obſervations I have now 
made, that the known expan/ible fluids have two 
kinds of properties; one whereby they manif-/* 
themſelves to one or more of our ſenſes, the other 
by which they act imperceptibly in a number of 
phenomena. It is not then neceſſary, as a proof of 
the exiſtence of a ſubſtance, nor of it's being a prin- 
cipal agent in phenomena, that it ſhould be mani- 
feſted to our ſenſes. But it is eſſential in nature, 
as ſoon as you conſider phy/ical objects, that to 
every phenomenon there be a cauſe ; and the only 
method of aſſigning a. reaſonable one, where they 
are not immediately diſcoverable, is analogy. When 
therefore certain phenomena, whoſe cauſe is hidden, 
are analogous to other phenomena that we attri- 
bute to the intervention of ſome ſubſlauce, we are 
naturally led to ſome /ubNance as a cauſe of the 
firſt mentioned phenomena; and nothing will op- 
poſe their admiſſion, if they explain what cannot 
be explained without, and if there is nothing which 
renders the exiſtence of the ſubſtance obſcure. 

Here I] cannot refrain from obſerving, that 
the French philoſophers, after extending the influ- 
ence of electricity over all nature, now paſs it by 
as If unworthy of notice; it's name is not even to 
be found © dans le tableau de la nouvelle nomencla- 
ture]! : e | 

Philoſophy owes much to the aſſiſtance it has 
received from mathematicians; but this only hap- 
pens when they apply themſelves to the ſtudy of 
phenomena ; when neglecting theſe, calculations 
are made to ſerve an hypotheſis; the more ele- 
gant and beautiful they are, the more detrimental 
they become to ſcience. It is thus, that Æpinus, 
by a mathematical theory of electricity, has cloſed 
the door on all our reſearches into the nature and 
operations of this fluid. 

ELECTRICAL 
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From theſe preliminary obſervations, which! 
conſidered as neceſſary to excite your attention to 
the electric fluid, and to lead you to look out for, 
and to trace it's connection with other agents in 
nature; I ſhalt proceed to point out ſome of the 
moſt ſtriking electrical appearances. The know. 
ledge obtained of electricity, like moſt other ar. 
ticles of ſcience, has rifen from very ſmall begin. 
nings, and by very flow degrees to it's preſent height, 
It had been known for ages, that amber, jett, and 
other bodies, would, upon rubbing, attract and 
repel light bodies, as hairs, feathers, down, duſt, 
&c. and as this property was moſt conſpicuous in 
amber, which in the Greek is called eleFrox, the 
peculiar power of that body was termed eleckricih. 
Upon further inquiry, it was found, that not amber 
only, but ſeveral other ſubſtances had the ſame 
properties in a high degree; that glaſs, reſinous 
ſubſtances, fl, dry wood, &c. have the ſame pro- 
perties; and that any of theſe, when dry, and rub- 
bed for a ſhort time, would attract light ſub- 
ſtances. | 

I rub this flick of /ea/ing-wax with ſoft flan- 
nel, and you lee it attracts any light ſubſtances, as 
| hairs, feathers, &c. that I bring under it; rub a 
glaſs 1ube with dry filk, and you will find 1t pro- 
duce the ſame effect. Let us now darken the room, 
rub the glaſs tube again, and you will ſee ſparks of 

re follow your hand; preſent your knuckle to the 
tube, and theſe ſparks will be formed into pencils 
or bruſhes of light, attended with a crackling noiſe 
like that of a green leaf in the fire. 

The friction has, in theſe inſtances, manifeſt- 
ed to the ſenſes the exiftence of a ſubſtance that 
was before imperceptible. The body, that is made 


by friction to exhibit theſe appearances, is ſaid to 
| be 
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be excited. The appearances are termed ſigns of 
elegricily, d 5 | | 

Here is a fine downy feather tied to a fk 
ſtring; J electrify it ſtrongly, by touching it with 
the excited gla/s tube, and it immediately flies from, 
or is repelled by the glaſs tube. I now preſent an 
excited ſtick of /ealing-wax, and the feather im- 
mediately flies towards it. Thus you ſee, that what 
is attrafed by excited wax, is repelled by excited 
glaſs. This experiment gave riſe to a very impor- 
tant diſtinction in electricity, implying a contrariety 
of agency therein, and one power or agent was de- 
nominated vitreous, the other reſinous electricity. 
Further diſcoveries ſhewed, that glaſs or wax would, 


according to the circumſtances in which they were 


ſituated, produce either power. 

Our two next experiments lead alſo to another 
very important diitinction in this branch of ſcience. 
I ſuſpend a &ra/s ball by a wire from the end of 
the glaſs tube oppoſite to my hand, and excite the 
tube as before; as ſoon as the tube 1s excited, you 
will find that the ball has acquired all the electric 
properties of the tube; it will, like it, attract light 


bodies, and give the ſpark. Let us now ſuſpend 


the ball by a //k ſtring, and excite the tube as be- 
fore; you may now rub as long as you pleaſe, but 


the ball will exhibit no ſigns of electricity. Here 


then we have two ſubſtances, through one of 
which, the wwzre, the electric properties may be 
conveyed ; whereas the other, that is, the %, pre- 
vents their paſſing to the ball. The wire is there- 
fore called a conductor of electricity. The ſilk is 
termed a non conductor. | pn 
Or in more general terms, all thoſe bodies, 
through which the electrical fluid is tranſmitred 
freely, are termed condugors. Thoſe bodies, 
through which it does not paſs ſo freely, are called 

nau-conductors. | 
| A body 
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A body reſting entirely upon non-conduGorg 

is faid to be 7n/ulated. Thus in the laſt experiment, 

the ball was in/u/ated, becauſe it was ſaſpended by 

a /ilk firing, which is a non- conductor. Inſulation 

prevents the diſſipation of the electrical appear- 
ances. | | 


Tres PRINCIPLES OT ELECTRICITY DEDUCED FROM 
ExPERIMENTS ON ATTRACTION AND REPULSION, 


I have already ſhewn you, that a light body 
electrified by excited glaſs, is repelled thereby, but 
will be attra&ed by excited wax, and that, on the 
bother hand, if it be electrified by excited wax, it 
will be repelled thereby, but will be attracted by 
excited glaſs. This obſervation you muſt keep in 
mind, without it you can never underſtand the 
operations of electricity. The greater part of the 
experiments 1n this ſcience, and the whole of the 
reaſonings thereon, depend on a reference to theſe 
facts. 5 

For the following experiments, I make uſe of 
light balls formed out of the pith of elder; they 
are ſuſpended by fine linen threads from ſmall cy- 
linders of wood, and are inſulated upon a common 
wine glaſs, that is dry, free from duſt, fibres of 
down, &c. | 375 
] electrify two balls, thus ſuſpended, by 
excited glaſs, and you ſee they repel each other. 
I deſtroy this electricity by touching them with my 
hand. I again electrify them, but with excited wax, 
and they again repel each other. TI bring the balls 


electrified by wax towards thoſe electrified by glaſs, 

and they immediately fly towards each other. 
From theſe experiments you will infer, 

1. That bodies electrified vitreoufly, repel each 

other. 2. That bodies electri fied reſinouſly, my 
| | | | eac 
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each other. 3. That bodies electrified with con- 
trary powers, attract each other. e 
As thoſe light ſubſtances which poſſeſs the 
ſame electric power repel each other, it will always 
be eaſy for you to diſcover with what power they are 
edefrified. If they are repelled by excited glaſs, they 
fleſs the vitreous electricity; if they are attract- 
ed thereby, they are reſinouſly electrified ; on the 
contrary, thoſe attracted by excited wax, are vi- 
treouſly, and thoſe repelled thereby, reſinouſly elec- 
trified. In aſcertaining the nature of the electric 
power, you muſt avoid bringing the' bodies to be 
tried near each other ſuddenly ; or one ſtrongly 
eletrified too near one that is weakly, ſo as it may 
render the experiment doubtful, for reaſons that 

will ſoon be apparent. | | | 

Before I go any further, it may be proper to 
point out to you the leading feature of that theory 
of electricity, (Mr. Eeles's) * which I adopt in theſe 
Lectures. I conſider, with him, all thoſe electrical 
operations that are manifeſted to the ſenſes, as oc-. 
caſioned by wo ditin#?, poſitive, and active powers, 
which equally and ſtrongly attradt and condenſe 
ach other; but when by any circumſtance they 
are rendered unequal to each other, the increaſed 
power „ yen into an atmoſphere. *RF-:-02 
| Theſe two powers eæiſt together in all bodies; 
in their natural ſtate they are always conjoined,; the 
ND _- electric 


See © Eeles's Philoſophical Eſſays in ſeveral letters to the 
Royal Society, London, 1771.” On a compariſon of this work 
with the greater part of the modern writers on electricity, you 
vill find that they have been gradually giving up the moſt eſſen- 
ual diſtinctions of the Franklinian theory, and adopting thoſe of 
Mr, Eeles, See Wilſon, Henly, Gray, Milner, Brooke, Peart, 
Read, &c. &c, And you will find him laying down principles, 
and making experiments, that have within a few years been 
brought forwards as new; ſome have indeed been rejected at 
irſt, becauſe deemed contradictory to a favourite theory, but 
Which have fince been fully 5 | 


Vol, IV. 
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electric ſigns, or what we call electricity, are only | 
rendered fenitble to us by the feparation of theſe | 
powers. In other words, though the e#legri; ] 
matter is acting the moſt important part among I 
the operations in nature, in it's united, and to us Ja- t 

e 

b 


rent and inviſible ſtate, yet it becomes no object to 
our ſenſes, till it's powers are ſeparated and render. | 


ed unequal. - | 8 | e 
When the powers are ſeparated and brought t 
into action, the increaſed power expands, and al 
forms what may be termed an electrical atmo. t 
ſphere. If any body be immerged in this atmo- 
ſphere, the powers thereof are ſeparated, and that ſa 
which is of the ſame kind with the atmoſphere is tc 
repelled, while the contrary power is attracted. az be 
long as the body remains immerged therein, the th 
powers remain ſeparated. It is however to be ob- 
ſerved, that in exciting electrics, the powers are fg 
never entirely ſeparated. The diminiſhed power yo 
acts inward to the electric, while the increaſed th 
power acts outward with an extenſive atmoſphere. ge 
I hold excited glaſs over this cylinder, fr. 1, ele 
pl. 16, but at a certain diſtance from it (which dil- tot 
tance will depend upon the power of the glaſs); it Tt 
- repels the vitreous electricity of the tube in- an 
to the balls, which will diverge with vitreous col 
electricity, and will of courſe recede from ex- lin 


cited glaſs. I remove the excited glaſs from over 
the balls, and they cloſe. A temporary ſeparation 
of the electric matter inherent in the cylinder, 1s 
in this inſtance produced by the influence of the 
excited glaſs ; as ſoon as this influence is removed, 
the powers unite, and the balls cloſe. | 

I now place two cylinders, with their ends in 
contact with each other, fig. 2, pl. i, and hold the 
excited tube over the end A; each pair of ball 
diverge. While they are in this ſtate, * 

5 them 
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them one from the other, and you will find the 
balls of A to be vitreouſly electrifſied, and thoſe of 
B reſinouſly ſo; proving, that while the body re- 
mained immerged in the atmoſphere, the elec- 
tric powers thereof were ſeparated, one being at 
each end. _ Bring the tubes together again, and the 
balls immediately clo/e; proving, 1. That the ſeparat- 
ed powers attract each other, 2. That when united, 
they condenſe each other, and that all electric ſigns 
are immediately loſt; 3. The co-exiftence of the 
two powers in the cylinders. 

Again electrify the balls equally, but with the 
ſame powers, then bring the ends of the cylinders 
together, and the divergence of the balls will not 
be altered ; which ſhews, that equal atmoſpheres of 
the ſame kind do not act on each ocher. 

Hold an excited glaſs tube over the cylinder, 
fg. 4, pl. 1, and at the ſame time keep one of 
your fingers in contact with the oppoſite end of 
the cylinder, remove the glaſs tube and finger to- 
gether, and the balls will diverge with reſinous 
electricity; for on trying, you will find them fly 
towards excited wax, and recede from excited glaſs. 
The vitreous power 1s repelled by the excited tube, 
and paſſes into the finger, which, in exchange, 
communicates reſinous electricity to the cy- 
linder. 1 . 
The tendency of an electric atmoſphere to 
produce the contrary electricity, in the bodies con- 
tiguous to it, is pleaſingly illuſtrated by the follow- 


ing experiment. In this, there are four cylinders, 


A, B, C, D, fig. 3, pl. 1; excited glaſs held over A, 
repels the vitreous power into B, and draws the re- 
ſinous into A; in the ſame manner, B repels the 
vitreous power of C into D, and draws the reſinous 


into C; ſeparate B and D from. A and C, juſt be- 


fore the excited glaſs is removed, and you will find 


A and C poſſeſſing the reſinous, B and D the vi- 
LT treous 
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treous electricity; as you will find by bringing the 0 
excited glaſs towards the balls, thoſe at A and C 
will move towards the glaſs, thoſe at Band D will 
recede from it. NE 5 | 
Juou ſaw in a former experiment, where the 0 
balls were equally electri fied with contrary powers, 7 
that on bringing the cylinders together, the powers ry 
united, and all electrical ſigns vaniſhed. But it th 
one be electri fied more than the other, that which 5 
is leaſt ſo, loſes all it's electricity after contact, and * 
the two remain clearified, with the exceſs of the ; 
electricity of that which was ſtrongeſt. w 
From thefe experiments it appears, that the *. 
increaſed power expands itſelf, and acts outwards, 0 
and that in proportion to the ſubtraction of the 125 
other power; and that it is this ſphere of the ex- ſer 
panded power, which is called an electric atmo- ry 
ſphere. | | | the 
It appears further, that no ſubſtance ſeems to bal 
be electrified, while the powers are equal in or ſuf 
on that body; but in proportion as there 1s a 10 
greater quantity of one power, than there is of the on” 
other, then the increaſed power actsoutwards from a 
that body, and the body will be electrified with ofa] 
that power, and will repel any other body electri- wil 
fied with the ſame power; but will attract any ſub- 1 
ſtance electrified with the contrary power; and at- : 8 
ter contact between them, all electrical ſigns va- ei 
niſh, if they were equally electrified; but if une- fn 
qually, both will remain eled ri fied with the excels d 
of the ſtrongeſt power. g nor 
Theſe poſitions will be confirmed by other ex- dot 
periments, in which you will ſee the contrary di- 7 
rections of the two powers, | 10nd 
| fere 
rep 
10. 
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Os TE ELECTRICAL MACHINE, AND It's Mop or 
ACTION. 15 


By turning the handle of the machine, and of 
courſe the glaſs cylinder which moves with it, elec- 
tricity is produced; and this we ſhall find, as before, 
of two kinds, each ſtrongly attractive of the other, 
though repulſive of a ſimilar kind; when united, 
the expanſive power they before exerted, is con- 
denſed, and all electric ſigns vaniſh. 5 

Io render theſe poſitions clear, I inſert a wire 
in the cuſhion, and another in the conductor; each 
of theſe is furniſhed with a braſs ball at top, and 
each of them has a ſliding wire with balls on it's 
end, that it may be ſet at any convenient diſtance 
from the other. On turning the cylinder, you ob- 
ſerve, 1. That I can obtain an electric ſpark from 
the balls of either wire on preſenting my knuckle 
thereto. 2. That a ſtrong ſpark will paſs from one 
ball to the other. 3. That on holding a cork ball 
ſuſpended by ſilk, between the two braſs balls, it is 
alternately attracted and repelled from one to the 
other. 4. Electrify a pair of inſulated balls by the 
cuſhion, and you will find them to poſſeſs the re/inous 
electricity; electrify them by the conductor, and they 
will poſſeſs the vit reous power, 5. Join the balls 
together, and all electric ſigns vaniſh, 

On the other hand, if you place both wires 
either on the conductor, or the cuſhian, you will 
find that no ſpark will paſs between them, that the 
cork ball remains ſtationary, being neither attracted 
nor repelled by the balls, and this becauſe they 
both poſſeſs the ſame kind of electricity. | 

| From theſe experiments we infer, that the 
conductor and the cuſhion are electrified with dif- 
ferent powers; that one attracts what the other 
repels, and that when they are united, they exhibit 
yo ſigns of electricity; that on the ſeparation of the 


X 3 powers 
. | 
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powers by excitation, one power attaches itſelf to 
the excited eledtric, the other to the rubber. 
The whole variety of electrical experiments 
appear to be nothing more than different modes 
of deſtroying or reſtoring an equilibrium. By de- 
ſtroying the equilibrium, two poſitive powers are at 
the ſame time produced. By reſtoring the equili- 
brium, all things return to their natural ſtate, 


and every appearance of electricity ceaſes. The 


two powers are ſo connected, that one can never 
be exhibited without producing the other. It is 
probable, that in the general operations of nature, 
this fluid always acts in it's united form, that in 
which it is to our ſenſes /atent and inviſible. 

On turning the cylinder and ſeparating it from 
the ſilk, the electric powers are ſeparated, the cy. 
linder gives it's reſinous power to the cuſhion in 
exchange for the vitreous; the conductor in like 
manner exchanges it's powers with the cylinder; 
for as long as the cuſhion communicates with the 
table by a chain, and you continue turning the 
cylinder, you will find the conductor ſtrongly elec- 
trified with the vitreous power. Take the chain 
from the cuſhion, and ſuſpend it from the conduc- 
tor; on turning the cylinder you will find the 
cuſhion ſtrongly electrified with the reſinous power. 
Connect the cuſhion and conductor by a chain, and 
the powers reunite almoſt as ſoon as they are ſepa- 
rated, and the clectrical ſigns diſappear. 

We now ſee why conducting ſubſtances can- 
not be elefrified unleſs they are inſulated. It is be- 
cauſe the two powers join inſtantaneouſly in the non; 
conductor, and can therefore exert no ſenſible action. 

'When I turn the cylinder flowly, only a ſmall 
quantity of the fluid is excited, and it does not fly 
far in the form of a ſpark ; but when I turn ſome- 
what faſter, and make the black ſilk adhere to the 
glaſs, the quantity of excited electricity is con- 
3 increaſed, The flaſh or ſpark paſſes 

| through 
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through a greater ſpace, and aſſumes a crooked or 
zig- Zzag direction, reſembling the flaſhes of light- 
ning. The brilliancy of che ſpark depends much 
on the preſſure of the atmoſphere; for the ſpark 
which explodes in air is vivid like lightning; but 
if the ſame be tried in an exhaufted receiver, inſtead 
of a ſpark and exploſion, you have only a leni, 
faint, diluted ſtream. 379239 29x17 99 Bf 
Before I proceed to other experiments, I ſhalt 
explain your machine more fully, and ſhew you 
howto excite it powerfully. The parts of the 
machine, which fall more immediately under your 
attention, are, 1. The ele#ric, or the glaſs cylinder 
which is to be excited. 2. The mechanical contris 
vances by which it is put in motion. 3. The 
cuſhion and it's appendages. 4. The conductor, or 

conductor s. APE 2 ö [4.273 
The glaſs cylinder of the machine before you, 

fig. 5, Pl. 1, is put in motion by a ſimple winch: 
This is leſs liable to be out of order, than thoſe that 
are turned with a multiplying wheel, and will alſo 
enable you to excite the machine more powerfully, 
The cylinder, FG H 1, is ſupported by two ſtrong 
perpendicular pieces, DE. The axis of one cap 
of the cylinder moves in a ſmall hole at the upper 
part of one of the ſupports. The oppoſite axis 
. the upper part of the other ſupport. 
To this axis the winch or handle is fitted. The 
cuſhion is ſupporteg and iſulated by a glaſs pillar; 
the lower part of this pillar is fitted into a wooden 
ſocket, to which a regulating ſcrew is adapted, to 
increaſe or diminiſh the preſſure of the cuſhion 
againſt the cylinder. A piece of ſilk comes from 
the under edge of the cuſhion, and lies on the cylin- 
der, paſſing between it and the cuſhion, and pro- 
ceeding till it nearly meets the collecting points f 
the conductor. The more ſtrongly this ſilk is made 
0 adhere to the cylinder, the ſtronger is the de- 
X 4 gree 
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gree of excitation. Before the cylinder, or op- 
poſite to the cuſhion, is a metallic tube Y Z, ſup. 
ported by a glaſs pillar L M. This is ſometimes 
called the prime conductor, often only the conductor. 
For the more convenient trying experiments on 
the two powers, and exhibiting the different ſtates 
of the cuſhion and conductor, there are two wires 
to be fixed occaſionally, the one to the conductor, 
the other to the cuſhion; on the upper part of 
theſe, are balls furniſned with ſliding wires, that 
they may be ſet. at various diſtances from each 
other. . 1010 a | 
| Before the electrical machine is put in motion, 
examine thoſe parts which are liable to wear either 
from the friction of one ſurface againſt another, 
or to be injured by the dirt, that may inſinuate 
itſelf between the rubbing ſurfaces. If any grat- 
ing or diſagreeable noiſe is heard, the place from 
whence it proceeds, muſt be diſcovered, wiped 
clean, and rubbed over with a ſmall quantity of 
tallow; a little ſweet oil or tallow ſhould alſo be 
occaſionally applied to the axis of the cylinder. 
The ſcrews that belong to the frame ſhould 
be examined, and if they are looſe, they ſhould be 
tightened, | | 7 
The different working parts of the machine 
having been looked into, and put in order, the 
glaſs cylinder, and the pillars which ſupport the 
cuſhion and conductor, - ſhould be carefully wiped 
with a dry old filk handkerchief, to free them from 
the moiſture which glaſs attracts from the air, 
being particularly attentive to leave no moiſture 
on the ends of the cylinder, as any damp on theſe 
parts carries off the electric fluid, and leſſens the 
force of the machine; in very, damp weather it 
will be proper to dry the whole machine, by 
placing it before, but alſo at ſome diſtance from, 
LEI + Take 
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Iaanke care that no duſt, looſe threads, or fila- 
ments, adhere to the cylinder, it's frame, the con- 
ductors, or their inſulating pillars; becauſe theſe 
will gradually diſſipate the electric fluid, and pre- 
vent the machine from acting powerfully. 

Rub the glaſs cylinder firſt witha clean, coarſe, 
dry, warm cloth, or a piece of waſh leather, and 
then with a piece of dry, warm, ſoft ſilk; do the 
ſame to all the glaſs inſulating pillars of the ma- 
chine and apparatus; theſe pillars muſt be rubbed 
more lightly than the cylinder, becauſe they are 
varniſned. | 47 

A hot iron may in ſome caſes be placed on 
the foot of the conductor, to evaporate the moiſ- 
ture which would otherwiſe injure the experiments. 
To excite your machine, clean the cylinder, and 

-wipe the ſilk. | . 
| Greaſe the cylinder by turning it againſt a greaſy 
leather, lill it is uniformly obſcured. The tallow of 
a candle may be uſed. 

Turn the cylinder till the ſilk flap has wiped off 
fo much of the greaſe, as to render it ſemi-tranſ- 
parent. | | 1 
Put ſome amalgam on a piece of leather, and 
ſpread it well, ſo that it may be uniformly bright; 
apply this againſt the turning cylinder, the friction 
will immediately increaſe, ahd the leather muſt not be 
removed until it ceaſes to become greater. Fit 

Remove the leather, and the action of the ma- 
chine will be very ſtrong. 
| The preſſure of the cuſhion cannot be too ſmall, 
when the excitation is properly made. 4 
The amalgam is that of Dr. Higgins, com- 
poſed of zinc and mercury; if a little mercury be 
added to melted zinc, it renders it eaſily pulver- 
able, and more mercury may be added to the pow- 
der, to make a very ſoft amalgam. It is apt to 
cryſtallize by repoſe, which ſeems in ſome meaſure 
| 7 to 
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to be prevented by triturating it with a ſmall pro- 
portion of greaſe: and it is always of advantage 
to triturate it before uſing. St 

A very ſtrong excitation may be produced by 
applying the amalgamed leather to a clean cylin- 
der, with a clean filk ; but it ſoon goes off, and is 
not fo ſtrong as the foregoing, which laſts ſeveral 
days. | 


f 
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The great ſtrength and velocity diſplayed by 
the electrical fluid in it's motions, is an object 
well worthy your inveſtigation: and if it be grant- 
ed, (and I think I ſhall be able to prove it to you) 
that the electric matter is the ſame with the /olar 
fuid, then will the ultimate cauſe of it's momen- 
tum be the power by which the light of the ſun 
is propagated, the preſſure of which being equal 
all round upon all bodies, it can neither move 
them one way nor the other. But if by means of 
any other power, this preſſure is leſſened upon any 
particular. part, the current of matter will ſet for- 
wards towards that place, with a force proportion- 
ed .to the diminution of the prefſure. Thus, in 
the common experiments of the air-pump, when 
the air is exhauſted from the receiver, the preſſure 
of the ſuperincumbent atmoſphere is directed. to- 


wards every part of the glaſs, ſo that if it be of a 


flat ſquare ſhape and not very ſtrong, it will cer- 
tainly be broken. Now there is reaſon to ſuppoſe, 
that after the air is exhauſted from the receiver, 


it is full of another ſubtil fluid of the ſame 


nature with the electric. If this could alſo be ex- 
tracted from the receiver, the preſſure on it's ſides 


would be much greater, becauſe not only the at- 


moſphere, but the whole ſurrounding ether, would 
urge towards that place; and it is enn 
5 : | that 
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that this preſſure could be reſiſted by any force 
whatſoever. | | 

The momentum, therefore, of the cleArical 
fluid depends on two cauſes, he preſſure of the at- 
ſphere upon the electric matter, and he preſſure 
of one part of this matter upon another, which is 
extended throughout the immenſity of ſpace, The 
force and velocity of the fluid depends, therefore, 
in a great meaſure, on that which ſurrounds us, 
There is a certain ſtate of this fluid, that we vio- 
late by our experiments; when this violation is 
ſmall, the powers of nature operate gently in re- 
ſtoring the diſorder we have introduced; but when 
any conſiderable deviation is occaſioned, the ſame 
powers reſtore the original conſtitution with ex- 
treme violence, 


EXPERIMENTS ON ELECTRICAL ATTRACTION AND 
8 RRPULSION. | 


To the top of this wire, three large downy 
feathers are affixed by three linen threads. I inſert 
the lower end of the wire into the prime con- 
ductor ; upon turning the cylinder, the plumage 
expands every way, the threads alſo recede as far 
as poſſible from each other. If I place my fingers 
near the feathers, all the plumulæ bend towards 
it; if I move my finger this way or that, they all 
move after it as if alive; I put my hand on the 
conductor, immediately the threads loſe their di- 
vergence, the plumulæ collapſe, and fall cloſe to- 
ether; I take my hand away, the threads diverge, 
and the feathers expand as before. 

I cannot explain to you the mechaniſm which 
occaſions the threads to diverge; but I can ſtate 
thoſe facts which muſt concur to occaſion it. We 
know that thoſe light bodies which poſſeſs the 
ſame kind of electricity ſeparate from, or repel 

| each 
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each other ; the finger communicates to them the 
contrary power; towards this, therefore, they are im. 
pelled by thier nature, in order to reſtore an equili- 
brium which our operations have deſtroyed. By 
putting my hand on the conductor, the powers are 
immediately exchanged and united, and the elec. 
trical effects ceaſe. | 

I place this cork ball, ſuſpended by ſilk, ſo 
that it may be even with the conductor, and at 
about ſix inches from it. I turn the machine, but 
the cork remains quiet; touch it with the end of 
the wire in your hand, and the vitreous power of 
the ball is driven into you, and an equal quantity 
of the reſinous is communicated to the ball, which, 
will then therefore fly with great rapidity towards 
the conductor; direct the pointed end of the wire 
towards the ball, and it will keep it fixed to the 
conductor, by continually ſupplying it with the re- 
ſi nous power; remove the wire, and the ball part- 
ing with it's reſinous power to the conductor, in 
exchange for the vitreous, of which the conductor 
has the greateſt quantity, it becomes electrified 
therewith, and repelled from the conductor. 


Analagous to the foregoing experiment 1s the 


following, with a piece of linen thread, which 
from the vivacity of it's motions, is termed the 
animated thread. For this purpofe I preſent a fine 
thread towards the electrified conductor, and it 
will fly backwards and forwards, in a very pleaſing 
manner, according as it conveys the vitreous 
power to the hand, or the reſinous to the conduc- 
tor, to which it will ſometimes be affixed, for the 
fame reaſon as the ball in the preceding experi- 


ment. Let a thread hang from the conductor, and 


preſent another towards it, they will attract and 
join each other: preſent any non-conducting ſub- 
ſtance, as a braſs ball, near the two threads; the 
lower one, or that held by the hand, will fly Jrow 
#5 pes | the 
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the ball, while that affixed to the conductor flies 
towards it. The vitreous atmoſphere of the con- 
ductor repels the vitreous power of the ball into the 
hand, and draws the reſinous power into it; the ball 
being therefore reſinouſly electrified, attracts the 
upper thread, but repels the lower one, which is 
in the ſame ſtate with itſelf, as acted on by the 
ſame cauſes. In this experiment the aux and 2 
flux of the two powers is, as it were, viſible to the 
ſenſes. You will find, that a contrariety of power 
muſt always precede, and is abſolutely neceſſary io all 
electrical attrackion, and indeed to every commu- 
nication of electricity. | 

I ſuſpend a ſmall copper plate from the con- 
ductor ; underneath this, and at a fmall diſtance from 
it, is a larger copper plate which reſts upon a pro- 
per ſtand; on the lower plate I put a leaf of gold, 
turn the cylinder, the leaf riſes upon the plate, and 
expands itſelf into a perfect plane, with one cor- 


ner oppoſite the upper, the other corner oppoſite 


the under plate, moving quickly upwards and down- 
wards between both; I lower the under plate by de- 
grees, the motion of the leaf has now ceaſed, and 
it remains ſuſpended in the air between the two 
plates; darken the room, and you will find the leaf 
ſupported, as it were, by pillars of fire; now as no 
ſubſtance can be thus ſupported in equilibrio, but 
by the joint action of two forces acting in oppoſite 
directions, we have a clear proof that there muſt be 
two forces thus acting in the preſent inſtance. 
Place ſome ſmall paper figures of men, 
women, &c. on the lower plate, fig. 7, pl. x; 
turn the cylinder, and you fee the images rife 
up, moving from one plate to the other. They 
generally move in an erect poſition, ſometimes 
leaping one upon another, and moving in ſuch a 
variety of poſtures, as to afford much entertain- 
ment. The dance between them has ſo droll an 
appearance, if well conducted, that there are few 
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who can look upon it without laughing. I have 
before obſerved to you, that there are wo powers 
in electricity; now the heads of the puppets are 
electrified with one power, and the feet with the 
other; they are therefore repelled at both ends, and 
never come in contact, unleſs the lower part of one 
touch the higher part of the other, and then they 
approach and ſtick together. 

The foregoing experiment is not only amuſing, 
but inſtructive : you will find that a very minute 
alteration in their figure, will make the images 
dance between the plates, or remain fixed to the 
upper or under plate; for this end, the upper part 
ſhould be always ſo much larger than the lower 
part, as to contain a part of the power going in, as 


much greater than what goes out, as will be equal 


to the gravity of the paper: with a little practice 
you Will be able to make one of them dance for 
ſome minutes without touching either the top or 
bottom plate. | | 

| To further illuſtrate the afluence and effluence 
of the two powers, dry the head of one of the 
images, and the power thrown out from the con- 


ductor cannot enter that puppet ſo freely, as the 


contrary power from the lower plate enters the 
feet, which are not ſo dry; the image will there- 
fore aſcend to the upper plate, and remain there; 
reverſe the experiment, by drying the feet and 
wetting the head, and the image will remain fixed 
to the lower plate. Theſe as well as many other 
experiments will prove to you, that it is not the 
mere component parts of the body that are ated on, 
in electrical experiments, but that it is the different 
ftates of the electrical powers inherent or adheſive 
to the body which occaſion the effects; and that, 
ftrictly ſpeaking, it is the oppoſite powers only that 
attract each other, and that no ſubſtance 1s ever at- 

tracted until it has acquired a contrary electricity. 
If the two powers cannot be put in action, the 
2 | experi- 
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experiment will not ſucceed; for if you place your 
images on a clean dry pane of glaſs, and hold this 
under the upper plate (firſt removing the lower 
plate and it's ſtand), you will find, that the images 
will not be put in motion, notwithſtanding you 
continue to turn the machine. Glaſs does not tranſ- 
mit the two electricities, and therefore no con- 
trariety in the electric ſtate of the image can be 
occaſioned, and conſequently it will not move back 
wards nor forwards between the two plates. But 
if any means be uſed to cauſe an exchange in the 
powers, as by holding your finger under the glaſs 
plate, they will be driven backwards and forwards 
as before. 

Here is a ſmall apparatus, conſiſting of three 
bells with two clappers between them, fg. 6, pl. 
1; they are ſuſpended from a ſtrait piece of braſs, 
the two outer ones by ſmall braſs chains, the mid- 
dle bell and the clappers are ſuſpended on filk ; 
from the middle bell there is a chain which goes 
down to the table; I turn the machine, and the 
clappers fly from bell to bell, affording you a pleaſ- 
ing peal by electricity. The power from the con- 
ductor is conveyed down the chains to the exterior 
bells; by means of the chain, the exterior bells 
repel the ſame power with which they are electri- 
fied from the ball or clapper, which, on the powers 
being thus ſeparated, are driven to the outer bell by 
the contrary power which fits in from the table, &c, 
through the middle bell ; the ball becoming elec- 
trified with the ſame power as the middle bell, 1s 
driven back, and will continue going from. one to 
the other, as long as the outſide bells are kept in 
an electrified ſtate by the machine. 

If you take hold of the ſilk cord which is tied 
to the lower end of the chain that comes from the 
middle bell, and thereby raiſe that chain from the 
table, the ringing will immediately ſtop ; for filk 

being 
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being a non- conductor, prevents the aux and ef. 
flux of the fluids. | 
As the apparent attraction and repulſion of all | 
light bodies depend on the ajflux and ux of the 
ſeparated powers, I ſhall not, in ſhewing you every 
experiment, enter into a detail of theſe circum- 
ſtances; hoping that what I have already ſaid, will 
render that point ſufficiently clear. I turn the ma- 
chine with one hand, and hold the other about three 
or four inches from the end of the conductor; drop 
a ſmall lock of cotton upon the hand near the con- 
ductor, and the cotton immediately jumps from 
my hand to the conductor and back again, ſtretch- 
ing itſelf out both ways into a longiſh form, and 
moving ſo quick that you will ſcarce be able to 
perceive it's form. 

Here is a ſmall toy, ſomewhat reſembling a 
hog; I have coated it with ermine, in the hairs of 
which I have inferted a few pieces of cotton pul- 
led out, ſo as to be of a conſiderable length; place 
this upon the conductor, I turn the machine, and 
the hairs of the ermine diverge, and the pieces of 
cotton are diſcharged and driven ſome feet from 
the conductor. This apparatus, by thus diſcharg- 
ing it's quills, may be called with propriety the 
eleckrical porcnupine. * 

Few branches of philoſophy afford fo much 
entertainment as electricity ; here the uſeful and 
the agreeable are intimately blended, and while 
you are inveſtigating ſcience, you are entertained 
by the variety and beauty of the experiments. It 
was the ſirong, attractive, and repulſive powers ex- 
bibited by electricity, that firſt engaged the atten- 
tion of natural philoſophers; by theſe they were led 


on to purſue the ſubjects, as it were by enchant- 
ment, 


* Communicated by Mr. Wiſlet. 
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ment, and have been richly rewarded by diſcoveries 
both intereſting and important. | 

A few more of the teading experiments, which 
have been ſo advantageous to ſcience, will not be 
unpleaſant. Fong 


MeTHoDs OF IMITATING THE PLANETARY 
MorloNs. 


Rackſtrow's orrery conſiſts of ſmall glaſs balls 
blown exceeding thin; they are placed on a 
wooden board, and environed with circles of braſs 
wire inſulated with ſealing-wax, or glaſs, of ſuch 
a height that the center of the balls may be nearly 
parallel to the wire circles. One of theſe circles 
may repreſent the orbit of Saturn, another that of 
Jupiter, &c. the circles being connected with the 
conductor of the machine by a wire, and a glaſs 
ſphere placed between each, the ſpheres will per- 
form heir revolutions round their orbits, and at the 
lame time acquire @ rotation on their axes. 

When the machine is ſet in motion, the balls 
vill be firſt attracted to the braſs circles, by which 
means the point that touches the braſs circle will 
become electrified, and be immediately repelled ; 
other parts will in the fame manner be attracted 
and repelled, by which means the glaſs ball ac- 
quires a kind of ſpinning motion on it's axis, at 
the ſame time it muſt have a progreſſive motion 
round the circle. | | 

Provide a ball of cork about three quarters 
of an inch in diameter, hollowed out in the inter- 
nal part by cutting it in two hemiſpheres, ſcoop- 
ing out the inſides, and then joining them together 
with paſte. Having attached this to a ſilk thread, 
between three and four feet in length, ſuſpend it in 


ſuch a manner that it may juſt touch the knob of 
Vor. IV. Y an 
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an electric jar, the outſide of which communicates 
with the ground. On the firſt contact it will be 
repelled to a conſiderable diſtance, and after ma- 
king ſeveral vibrations, will remain ſtationary ; but 
if a candle is placed at ſome diſtance behind it, ſo 
that the ball may be between it and the bottle, the 
ball will inſtantly begin to move, and will turn 
round the knob of the jar, moving in a kind of 
ellipſis, as long as there is any electricity in the 
bottle. This experiment is very ſtriking, though 
the motions are far from being regular; but it is 
remarkable, that they always affect the elliptical 
rather than the circular form. 

Cut a piece of India paper in the ſhape of 

an iſoſceles triangle, whole ſides are about two 

inches long and two tenths of an inch in breadth; 
then crect a braſs ball of two or three inches dia- 
meter on a braſs wire one fixth of an inch in 
thickneſs, and two feet fix inches long, on the 
Prime conductor; electrify the conductor, and then 
bring the obtuſe end of the piece of paper within 
the atmoſphere of the ball; let it go, and it will 
revolve round the ball, turning often round it's 
own axis at the ſame time, 
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TUMBLER AND BALLS. 


Put a pointed wire into one of the holes 
which are at the end of the conductor, hold a glaſs 
tumbler over the point, then electrify the conduc- 
tor and turn the tumbler round, that the whole 
interior ſurface may receive the fluid from the 
point ; place a few pith balls on the table, and 
cover them with this glaſs tumbler, the balls will 
immediately begin to leap up and down, as if they 
were animated, and will continue to move for a 


long time. | 
R : ELEcs 
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ELECTRICAL FLUID UNIVERSALLY DISSEMINATED, 
AND IN CONTINUAL ACTION. | 


That the eleFrical fluid is univerſally diſſemi- 
nated, and in continual action, has long been the 
opinion of thoſe who have paid attention to It. 


To prove this to others, various inſtruments have 


been contrived to detect the /malle/} variations, and 
diſcover the minuteſt ſigns of it's exiſtence; theſe 


have been generally named eleFrometers ; and 
among theſe, that deſcribed by the Rey. Mr. Bew- . 
ver, of Wirkſworth, ſtands the foremoſt, as be- 


ing by far more ſenſible than any of the reſt.--- 
This is one of them, fg. 1, pl. 2. 
The foot is made of metal, and about three 


inches high, that you may handle the inſtrument 


without touching the glaſs ; the cylindrical glaſs, 
in which the gold leaf is ſuſpended, is about five 
inches high, and one in diameter; the cap is made 
of metal, and flat on the top, that the various ſub- 
ſtances whoſe electricity is to be examined may be 


conveniently placed thereon. The diameter of the 


cap is larger than that of the glaſs, and it's rim is 
about an inch deep, hanging parallel to the glaſs, 
in order to keep it clean and diy; within this is 
another circular rim that goes over the glaſs, and 


is lined with a ſoft ſubſtance to make it fit cloſe, - 


within this rim; at the center of the cap a tube 
ls fixed, wherein the peg is placed to which the 
two flips of gold leaf or ſilver are faſtened. | 
If there were no glaſs, the gold leaf would be fo 
agitated by the leaſt motion of the air, that it would 
be entirely uſeleſs. To prevent the gold leaf from 
being attracted and torn by flying to the glaſs, tuo 
pieces of tinfoil are faſtened, with varniſh on the 
oppoſite ſides of the glaſs, where it may be ex- 
pected to ſtrike theſe [lips and carry off the ſuper- 
T2 fluous 
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fluous electricity, and increaſe the ſenſibility of 
the inſtrument. | | 
The experiments made with this inſtrument, 
| not only ſhew that the electrical fluid is univer- 
{ally diſſeminated, but that the /mall-/t motions in 
nature d/furb it's natural equilibrium, and /eparate 
the two powers, and thus manifeſt it to our ſenſes, 
That this fluid is the etherial medium, or element 
of fire, connected with ſome material fubſtance, 
can ſcarce now be doubted: if fo, all the oſcilla- 
tions in nature put it in action, or, what is more 
probable, it is the cauſe of thoſe oſcillations. Mr. 
BENNET's electrometer will prove to you, that all 
ſolution of continuity excites electricity; and ] be- 
lieve there 1s ſcarce any inſtance where it's a&70n 75 
manifeſted, but what may be traced to this ſource, 
In other words, every thing that will increaſe one 
power, or leſſen the other, produces electric ſigns. 
Not to interrupt too much the progreſs of our 
Lectures, I ſhall relate to you ſome of Mr. Bezx- 
NET'S experiments. | 4 
1. Fowdered chalk was put into a bellows, 
and blown upon the cap of the ele&rometer; the 
{tream of chalk produced vitreous electricity, when 
the nozzel of the bellows was only fix inches diſtant 
from the cap; but the ſame ſtream electrified it with 
the reſinous power, when at the diſtance of three feet. 
In this experiment the quality of the electricity 
ſeems to be changed by difperting or widening the 
ſtream, and making it paſs through a longer tract of 
air; it is alſo changed by paſling the ſtream througha 
bunch of fine wires, ſilks, or feathers, placed in 
the bellows ; it is reſinous when blown from a pair 
of bellows, the iron pipe being taken off to en- 
large the ſtream. This laſt experiment ſeems to 
anſwer beſt in damp weather. The vitreous elec- 


tricity generally remains; but in the reſinous, . 
leat cu 
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leaf gold collapſes as ſoon as the cloud of chalk is 
aſſed. 
2. A piece of chalk drawn over a bruſh, or 
powdered chalk put into a bruſh, and projected on 
the cover, gave reſinous electricity. The electri- 
city was not permanent. 
- Powdered chalk blown with the mouth, 

a pair of bellows, from a plate placed upon the 
cover, gave a permanent vitreous electricity, If a 
bruſh is placed. upon the cover, and a piece of 
chalk is drawn over it, when the hand is with- 
drawn, the leaf gold gradually expands with vitre- 
ous electricity, as the cloud of chalk diſperſes. 


Or THE FRANKLINIAN THEORY, 


It was not my intention at firſt to have parti- 
cularly noticed the defects of this theory ; but as 
ſome late writers have endeavoured to conceal it's 
errors, either by giving up ſome of the moſt eſſen- 
tial parts, or by endeavouring to bend facts to ac- 
commodate to this theory, it became neceſſary 
to point out a few of it's defects and inconſiſtencies, 
Many parts thereof, I conceive, would never have 
been accredited, if it had not been neceſſary for 
party purpoſes, to cſtablith the author's reputation 
as a philoſopher.* 

From hence we may learn, that all new diſ- 
coveries ſhould be admitted with caution, for they 
are ſeldom accurate, and free from errors; we are 
too often apt to be led away by glimmerings of 
light, or even falſe views of objects, which are 
often of worſe conſequences than a total want of 


knowledge. | 
1 3 I ak 


On this head, the ancodotes to be related are numerous and 
curious. 
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] ſhall enumerate the leading principles of the 
Franklinian ſyſtem, thoſe which have always been 
conſidered in that light, by the beſt writers, and 
ableſt advocates in favour of this ſyſtem; and we 
may therefore juſtly conclude, that whoſoever gives 
up any of theſe, ſo far abandons the principles on 
which it is founded. 

1. That the operations of electricity depend on 
the action of a imple homogeneous fluid. 

2. That the electric matter violently repels 
itſelf, but attracts all other matter. | 

3. That glaſs and all other electrics, though 
they contain a great quantity of electric matter, 
are nevertheleſs impermeable thereto. . _ 

4. That by the excitation of an electric, the 
equilibrium of the contained fluid is broke, and 
one body becomes over/oaded with electricity, 
while the other is deprived of it's natural ſhare. 

5. Electricity is ive when a body has more 
than it's natural thare ; the electricity is negative 
when a body has leſs than it's natural ſhare. 

With reſpect to the firſt poſition, you will find, 
that it's friends can bring no experimental proof | 
to ſhew the homogeneity of this fluid, or it's ac- 
tions ; but on the contrary, they are forced by ex- 
periment to acknowledge a contrariety of ſtate in 
every operation. 

The ſecond poſition i is not only deſtitute of 
proof, but contradictory to all experiments; for 

the electric fluid never a//ra&s matter as ſuch, but 
only on account of the ſtate of the electric matter 
therein. It is not repulſive of itſelf; the appear- 
ances on which this idea is grounded, are owing 
to the reſiſtance of the air. Both attraction and 
repulſion ceaſe where the powers can unite without 
this reſiſtance. 
In the courſe of theſe Lectures, you will ſee 
many experiments that prove the * * 
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galt. The notion of it's impermeability i is alto- 
cether hypothetical, for it is not ſupported by any 
one determinate experiment, and 1s contrary to 
every electrical appearance. You will find the 
ideas of the Franklinians concerning it quite con- 
tradictory, ſome allowing that it's influence acts 
through glaſs, yet maintaining that it is imper- 
meable thereto; others allowing certain kinds of 
glaſs to be permeable. Indeed you may gather from 
their writings, that the , and the worft vitrified 
glaſs, that cold and warm glaſs are all more or leſs 
N 

The fourth and fifth principles may be con- 
idered as one, for they are ſo intimately connect- 
ed, as not to be ſeparated : whatever weakens the 
proofs of the one, diminiſhes thoſe of the other. 
The whole Franklinian hypotheſis falls to the 
ground, if the ſupporters thereof cannot prove, 
that pœitive electricity is a ſuperabundant quantity, 
an accumulation of electric matter in the body 
poſitively electrified, and negative electricity a de- 
pri vation of the quantity of this matter natural to 
a body. 

Now in the firſt place, we 158 ſtrong rea- 
ſon to ſuppoſe, that every electric appearance is 
occaſioned by the fluid being in a divided and 
weakened ſtate; but putting this conſideration out 
of the queſtion, let us aſk the ſupporters of the 
Franklinian ſyſtem for a proof of this poſition, and 
(ſtrange to tell !) you will find it deſtitute thereof. 
You will find them only, reaſoning in a circle, 
proving the thing from itſelf; a method from 
which no concluſion can be drawn Thus, for in- 
ſtance, a body that 1s poſitively electrified, attracts 

1 WD one 
i Lyons, Remarks on the leading Proofs of the Fran klinian 


Pao Milner's Experiments and Obſervations on Electricity, 
c. &c. 
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one that is negatively electrified, becauſe the firi 
has too much, and the other too little electricity, 
Demand how they prove one has too much, and 
the other too little of this fluid, and they anſwer 
becauſe they attract each other ! ! 7306 

According to their principles, the electrical 
fluid is as active when redundant, as when deficient ; 
and yet when it is in an intermediate ſtate, it is in. 
active. Tvo light bodies ſuſpended in contact, 
in their natural ſtate ſhew no ſigns of electricity; 
take away part of their electric fluid, and they re- 
pel each other; take away ſtill more, and the 
power of repulſion increaſes; ſo that the more a 
body is deprived of it's electric fluid, the more 
active and exten/ive is it's electric action. * 

Another mode by which they endeavour to 
ſupport their ſyſlem is, by ſhewing that the elec- 
tric fluid always moves in one direction, that is, 
from the poſitive to the negative. Now if it can 
be proved, as I think it has already been in a great 
degree, that there are 7wo powers ating in contrary 


directions; the negative electricity will turn out to 


be a poſit ive ative power, and the Franklinian 
hypotheſis will fall to the ground, being deſtitute 
of any proof. TI ſhall hereafter ſhew you, that in 
the diſcharge of the Leyden phial, there is not 
only a power acting from the inſide to the outſide, 


bur alſo at the ſame inſtant a power acting from 


the outſide to the inſide. Whoſoever allows two 
currents acting in oppoſite directions, whatever 
may be his pretences, gives up the Franklinian 
theory, and confeſſes himſelf unable to maintain 
it on the original principles laid down by the au- 
thor, and vindicated by Canton, Le Roy, Prieſt- 
ley, Becket, Henly, Beccaria, Cavallo, &c. &c. 
Further proots of the inconſiſtency and weak- 
neſs of this theory will be ſhewn in the courſe of 
theſe 


* Peart on Electric Atmoſpheres. 
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theſe Lectures; but they are ſo numerous, that to 
expoſe them all, would occupy too much of our 
time; one or two more I ſhall mention here; thus 
you will find Dr. Gray, in the Philoſophical Tranſ- 
actions, proving Dr. Franklin's account of the 
charge and diſcharge of the Leyden jar, to be 
erroneous ; yet endeavouring to fupport the weak- 
eſt part thereof. Mr. Brooke, in his“ Miſcella- 
neous Experiments,“ has ſhewn, (what Mr. Eeles 
had ſhewn years before, and that by reaſoning a priori 
from his theory) contrary to the ideas of the beſt 
Judges and friends of Franklin's theory, that dur- 
ing the time of charging a Leyden jar, both inſide 
and outſide have the ſame kind of electricity. 
Mr. Read has demonſtrably proved, (by a method 
previouſly pointed out by Mr. Eeles) that in the 
diſcharge of the Leyden phial, a vacuum forming 
a part of the circuit, the electric matter moves in 
contrary directions; yet ſuch is the force of philo- 
ſophic authority, that both Mr. Brooke and Mr. 
Read endeavour to bend theſe facts to ſupport a 
theory, with which they are utterly irreconcileable. 


Or THE ELECTRIC SPARK, AND OF THE INFLUENCE 
oF POINTS. | 


I bring the knuckle of my hand near the con- 
ductor, and a ſpark with the appearance of fire 
paſſes between the conductor and my hand, and I 
feel a ſenſation ſomewhat reſembling a ſtroke fram 
the end of a ſmall wire. I remove my knuckle 
further from the conductor, and the ſpark is long- 
er, forming ſeveral curves in it's paſſage, having 
the exact appearance of a flaſh of lightning. In 
this experiment as much of one power paſſes from 
the finger to the conductor, as of the other from 
the conductor to the finger. No ſpark will paſs 
unleſs there can be this interchange of power; 

: | „ 
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and the ſpark is always from thoſe parts where the 


exchange can be moſt readily effected, 


Where the two powers can be eafily changed, : 


which is the caſe with pointed metallic bodies, the 
equilibrium is reſtored /lently, and the conductor 
is of courſe gradually diveſted of it's electric ap. 
pearances: but where the ſurface is large, and x 
contrary ſtate not ſo eaſily produced, the electri. 
cities are as it were compreſſed, and do not eſcape 
till they have acquired power to overcome the 
intervening ſpace of air, when it explodes, and the 
ſpark is vivid like lightning. TS 
| As ſoon as I preſent a needle, or any other 
fine pointed ſubſtance, to an electrified body, the 
electric fluid is urged there with great velocity, 
and the electricity '1s ſaid to be drawn off. This 
drawing off, however, does not extend to any great 
diſtance, not even all round the electrified body, 
if you keep turning the machine at the ſame 
time that you preſent the point. To prove this, 
place the wire, to the end of which a number of 
fine threads are faſtened, in one of the holes on 
the top of the conductor; turn the machine, che 
threads on the wire diverge, and ſpread out 'ike 
rays proceeding from a center; now preſent a 
point towards one ſide of the conductor, but at 
ſome diſtance from it, and you ſee the threads on 
one ſide loſe their divergence and hang down, 
while thoſe on the other ſide continue to diverge. 
Indeed a point ever ads beyond the electric 
atmoſphere, nor does it act upon that any further 
than it is immerged therein, and then only ſo far 
as it can draw the reſinous power through them, 
aud part with ſo much of. the witreous to them. 
Suſpend a piece of down, or a ſmall ball, by filk, 
fo that- it may bang againſt the fide of the con- 
ductor; when you turn the machine, it will be 
electrified, 


* 
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| electrified, and fly to the extreme part of the con- 

ductor's atmoſphere; now ſtop turning, and bring 

a point towards the outſide of the down, and in- 

ſtead of the down being driven in towards the 

conductor, it will fly to the point, till it has ex- 

changed-powers with the point ; then it will fly to 

the conductor, and be electrified, and again re- 

pelled; when 1t comes to a certain diſtance from 

the point, 1t will fly towards it, and be electrified 

thereby, and ſo on, as long as the conductor re- 
| mains eleetrified. 

When the down is on the verge of the elec- 

tric atmoſphere, immerge your point in the atmo- if 


ſphere, and you will ſee the down approach the | 
conductor in proportion to the immerſion of the | 
) point, and this as often as you move the point for- | [ 
5 ward to the conductor, but no further; ſo that the | l 
i point acts only while in contact with the electric j 
, atmoſphere, | 
e While the machine is turning, and the point ö 
5 immerged in the electric atmoſphere, there is a 

f ſtrong ſtream of the reſinous power flowing in from 

n the point to the conductor, and that in proportion to 

10 the vitreous power carried off by the point. If 

ie this ſtream meets an electrified cork ball, or piece 

2 of down, it will change their powers, and electrify 

al them with the reſinous power, by which means they 

MN are attracted to the conductor, and will be fixed 

n, there by the continual ſtream of the reſinous power; 

. draw back your hand to leſſen the reſinous ſtream, 

FIC and you will fee the down move from the conduc- 

er tor by degrees, and remain between the. two 

far powers, without being forced to the conductor, or 

n, able to fly far therefrom. The foregoing experi- 

. ments are moſt deciſive with a weak electricity. 

IK, That the ſpark or paſſage of the electrical 

” fluid, from the prime conductor to any conducting 


ſubſtance, depends upon the greater or leſs degree 
of 
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of difficulty in producing the contrary current, is 
further evinced by placing a point at the end of a 
piece of ſealing-wax, and at a ſmall diſtance from 
that part of the metal in contact with the ſealing- 
wax, paſte a ſmall round bit of tin-foil, at a little 
diſtance from this another bit, &c. ; put your fin- 
ger upon one of the pieces of tin- foil, that is fur. 
theſt from the metallic point, and preſent the point 
towards the conductor, and you will find that it 
does not act near ſo powerfully, nor at ſo great a 
diſtance as in the former caſe ; and if you approach 
it ſufficiently near the conductor, a ſpark will paſs 
between it and the conductor. Connect your fin- 

er immediately with the metal, and you will not 
be able toobtain a ſp ark, and the electric appear- 
ances of the conductor will be ſooner deſtroyed by 
the quicker interchange of the contrary powers. 

A s the ſpark, which explodes, and is bright in 
the air, becomes filent, faint, and diluted in vacuo; 
ſo, on the other hand, the electricity, that would 
paſs imperceptibly in air, may be made to explode, 
and become bright, by paſſing it through mediums 
more reſiſting than air. 

I place a metallic veſſel nearly filled with 
common oil on the conductor; I ſhall immerge 
therein a point, from which, in the open air, I can 
ſcarcely obtain any viſible appearance, and you ſee 
that under theſe circumſtances, frong /parks paſs 
between the point and the bottom of the veſſel, and 
the oil is thrown into a violent ebullition, by the 
afflux and efflux of the two electricities. 

Here is a pointed wire ſuſpended vertically 
from the conductor, the point being downwards, 
from which I can obtain no ſpark, though the ma- 
chine is acting powerfully. I immerge it in a ſmall 
bottle of oil, and put my thumb oppoſite the 


point; the ſpark is loud, the oil is curiouſly agi, 
| | | | ire 
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ed, and if you examine the bottle, you will find it 
perforated. ih 
Round this glaſs tube, fg. 2, pl. 2, at ſmall 
but equal diſtances from each other, pieces of tin- 
foil are paſted in a ſpiral form, (hence it is called 


the /piral tube) from end to end; this tube is in- 


cloſed in a larger one, fitted with braſs caps at 
each end, which are connected with the tin-foil of 
the inner tube. Hold one end in the hand, and 
apply the other near enough to the prime conduc- 
tor to take ſparks from it, a beautiful and lucid ſpot 
will then be ſeen at each ſeparation of the tin- 
foil; theſe multiply, as it were, the ſpark taken 


from the conductor; for if there was no break in 


the tin-foil, the electric fire would pals off unper- 
ceived. 

Here are ſeveral ſpiral tubes, fig. 4, pl. 2, 
placed round a board, a glaſs pillar 1s fixed to the 
center of the board, on the top of this pillar is a 
braſs cap, carrying a fine ſteel point, to ſupport 
a wire furniſhed at each end with a braſs ball, and 
nicely ballanced. I place this under a ball pro- 


ceeding from the conductor, ſo that a continued 


ſpark from this ball to the center of the ſuſpended 
wire, gives this wire a rotatory motion, and the 
balls in their revolution will give a ſpark to each 
ſpiral tube, which, in it's paſſage from one ſpot 
to the other, forms a moſt beautiful ſpecies of illu- 
mination. 

Take this piece of /i[vered leather, and put it 
round your head, and then ſtand upon the ſtool 
with glaſs feet, connecting yourſelf with the con- 
ductor by a chain. If, while I turn the machine, 
any one paſs their knuckles near the hoop of lea- 
ther, moving them round it, the leather will be 
beautifully illuminated, and briſk flaſhes of electric 
lightning will paſs between the knuckles and con- 

ductor, 
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ductor. This experiment has been termed the dia- 
dem of beatification.* 

Spirits of wine may be eafily fired by the 
electric ſpark ; to inſure ſucceſs in making the ex- 
periment, it 1s beſt either to heat the metallic ladle 
into which the ſpirits are to be placed, or elſe juſt 
to fire the ſpirits, and blow them out, a few ſe- 
conds before they are electrified. This experiment 
may be performed two ways: I. By placing the 
ladle with the ſpirits on the conductor, and then 
taking a ſpark through the ſpirits, which will ſet 
them on fire. Or, 2. If a perſon ſtands on the in- 
ſulated ſtool, and holds in his hand a ſpoon with 
the ſpirits of wine, and another perſon on the floor 
brings his knuckle, or a braſs ball, quickly to the 
ſurface of the ſpirits, they will be inſtantly in a 
flame. Lou may vary this experiment thus: 3. Let 
the electrified perſon on the ſtool hold the pirits 
as before, while another perſon, ſtanding alſo on 
an inſulated ſtool, holds in his hand an iron poker, 
one end of which is made red hot; he may then 
apply the hot end to the ſpirits, and even immerge 
it in them, without firing them; but he may ſet 
the ſpirits on fire, with either the hot or cold end, 
provided the hot end be not worn to too ſharp a 
point. The ſpirits could not be kindled while the 
perſon was inſulated, becauſe the electric powers 
could not in that als be ſeparated; and hot iron, 
immerſed in ſpirits, will very ſeldom or never ſet 

them on fire. 

; You muſt have already obſerved, from what 
you have ſeen, that when the quantity of electrici- 
ty is ſmall, it is incapable of ſtriking at a conſi- 
derable diſtance, and the ſpark appears ſtrait; but 
when 1t 1s ſtrong, and capable of ſtriking at a 
greater diſtance, it aſſumes a crooked ziz-zag di- 
rection. In every electrified conductor, the elec- 

tricity 
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tricity 8 eſcapes from that part of the aun 
where the powers are moſt ſeparated. The ſpar 
is of a different colour according to the denſity; 
when it is rare, it appears of a bluiſh colour; when 
more denſe, it is purple; when highly condenſed, it 
is clear and white like the light of the ſun... The 
middle part of an electric ſpark, when the two 
powers meet, often appears diluted, and of a red 
or violet colour, the ends are more vivid and 
white; when very ſtrong, it will branch out and 
divide into many parts. 


Or MorrTONs PRODUCED BY THE ELECTRIC 
STREAM. 


Whenever there is an effux of one power of 
electricity, there is alſo an affiux of the other 
power, if any conducting ſubſtance is placed fo 
near and in ſuch circumſtances, as that it can be 
drawn therefrom. 

Here is a braſs aint. fig. 5. ſupported 
on a point like a'compaſs needle, with each of it's 
points bent the ſame way; place this upon the con- 
ductor, and as ſoon as 1 turn the machine, it 
turns with great rapidity, but always from the 
points, becauſe the electric fire flying off from the 
points, acts forcibly on the air, and is eee 
re- acted upon, which occaſions the motion. Take 
the fly and it's point, and hold it in your hand un- 
der the conductor, and it will turn in the ſame 
manner, by a ſtream of electricity of a contrary 
power to that thrown off from the conductor, which 
i drawn in from you and delivered from the points 
of the fly to the conductor. Now inſulate the fly, 
and place it at the ſame diſtance from the conduc-_ 
tor, and it will not move, becauſe no electricity 
can be drawn through it; but hold a pin near it, | 
and the fly will immediately begin to a it 

raws 
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draws a ſufficient quantity of electricity from you 
through the pin. | 

On this principle, thoſe who are defirous of 
blending agreeable entertainment with philoſophy, 
may contrive a variety of curious machines, whoſe 
motions may be produced by the electrifted ſtream, 
which will afford much entertainment to thoſe who 
can reliſh domeſtic innocent amuſement ; and by 
theſe ſcience will be benefited, for to render any 
ſcience familiar, is to render it prevalent, and the 
more it prevails in practice, the more likely it is 
to produce uſeful diſcoveries. 

If ſmall boats, or little ſwans, &c. are made 
of cork or light wood, they may be attradted, and 
made to ſwim in any direction, by applying a fin- 
ger towards them; a fine needle ſtuck into the 
end of the boats, in the manner of a bowſprit, 
will cauſe them to be repelled from the hand held 
over it, and they may be ſteered by it, ſtern fore- 
moſt, to what point of the compaſs you pleaſe, 
The boats might have the addition of fails to them, 
and might then be made to move briſkly before an 
electrical gale, from the point of a wire held in 
the hand. 

The operator in theſe tricks would un, 
be looked upon as a magician, if the electrical 
machine is kept out of fight. But a more ſtriking 
ſight, would be a number of theſe boats, with 
each of them a twirling fly, about an inch in 
length fixed to the top of the maſt ; the hand held 
over them would ſet them all in motion; in the 
dark they would appear as ſo many rings of fire, 
moving in various courſes, and dani the hand 
in any direction.“ 


Or 
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Os THE DIFFUSION AND SUBDIVISION oT FLUIDS 
BY ELECTRICITY. 


From experiments made by Abbe Nollet, it 
appears, that electricity augments the natural eva- 
poration of moſt fluids, particularly of thoſe, which 
have the greateſt tendency to evaporate ; that it, in 
this reſpect, acts moſt powerfully upon the fluids 
when they are contained in metal veſſels; but it 
never makes any fluids evaporate through the pores 
either of metal or glaſs. When fluids, that are 
paſſing through capillary tubes, are electrified, the 
ſtream is ſubdivided ; and if the tube be leſs than 
2 of an inch in diameter, their motion is gene- 
rally accelerated. 5 

I ſuſpend this metal phial (to the bottom of 
which a capillary tube is adapted) to the conduc- 
tor; before I turn the cylinder, the tube carries off 
the water only by interrupted drops; but on turn- 
ing the cylinder, and electrifying the water, the 
dropping from the tube is changed into a con- 
tinued ſtream. On applying my finger to the con- 
ductor, the electricity is interrupted, and the water 
again only deſcends in drops : my finger taken 
away, the water runs in a diverging ſtream : darken 
the room, and you perceive a fiery ſtream deſcend 
from the tube. This experiment has been termed 
the electrical jet de feu. 


Inſulate two pails with capillary tubes; con- 


nect one with the cuſhion, the other with the con- 


ductor; turn the machine, and the water, which 
is diſperſed into very minute particles, when they 
are near enough, is brought together by the effort 
of the two powers to join each other; the drops 
coaleſce and come down like a heavy ſhower of 
„„ 

I place a drop of water on the conductor, and 
turn the machine. On preſenting my knuckle to- 

T1, 2 | wards 
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. wards this drop, long zig-zag /parks are obtained 
: from the drop of water; the drop takes a conical 
figure; my knuckle is wetted. The ſpark was con- 
ſiderably longer than could be obtained from the 
conductor without the water. 
Faſten a piece of good ſealing-wax to the ball 
on the end of the conductor, but place it in ſuch 
2 manner that it may be eaſily ſet on fire by a 
taper ; ſet it on fire while I turn the machine; 
the wax becomes pointed, and ſhoots out an almf 
tnvi/ible thread to a conſiderable diſtance. If you 
receive the filaments on a ſheet of paper, the paper 
will be covered in a very curious manner by the 
eleFrified wax threads; the wax flying to thoſe 
places where it can unite with the contrary power, 
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YR. PRIESTLE has well obſerved, that elec- 
tricity has one advantage over moſt other 
branches of natural philoſophy : it furniſhes mat- 
ter of entertainment for all perſons promiſcuouſly, 
while it is alſo a ſubject of important ſpeculation 
for the moſt philoſophic minds. Neither the air- 
pump, nor the orrery, nor any experiments in hy- 
droſtatics, optics, or magnetiſm, &c. ever brought 
together ſo many, or ſuch great concourſes of 

people, as thoſe of electricity have ſingly done. 
If you only conſider what it is in objects that 
makes them capable of exciting that pleaſing aſto- 
niſhment which has ſuch charms for all mankind, 
you will not wonder at the eagerneſs with which 
perſons: of both ſexes, and of every age and con- 
dition, run to ſee electrical experiments. For here 
you ſee the courſe of nature overturned to all ap- 

pearance, and by cauſes ſeemingly inconſiderable. 
For it exhibits to you bodies riſing and falling, 
moving this way and that, and ſuſpended by others 
contrary to the principles of gravitation, and this 
by powers which have been put in action only 
by a very ſlight friction. Here you may ſee a piece 
of cold metal, or even water or ice, emitting 
ſtrong ſparks of fire, ſo as to be able to kindle 
many inflammable ſubſtances. Nor will you find 
any thing more- aſtoniſhing Than what I am going 
to exhibit to you. You will find a common glaſs 
Jar, after a little preparation, capable of giving a 
perſon ſuch a. violent ſenſation, as nothing elſe in 
nature can give; and wr” the diſcharge of the bot. 
2 "We 
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tle is attended with an exploſion like thunder, and 
a flaſh like lightning. 

- Before I enter into the theory of charged glaſs, 
I ſhall ſhew you in what manner 1t 1s charged and 
diſcharged. This jar is coated on the outſide and 
lined on the inſide with tinfoil, to about two inches 
ſhort of the top, which is ſtopped with a piece of 
wood. A wire paſſes through the wooden top, and 
is connected underneath with two other wires, 

which are bent ſo as to touch the inſide coating 
of the jar; a ſmooth Ball is fixed on the top of the 
wire. N 
To diſcharge the jar haze receiving what is 
ralled the jhock, For this purpoſe, two inſtruments 
have been contrived, one called the common di/- 
charging rod, fig. 8, pl. 1, which is nothing more 
than a ſerhicircular braſs wire, furniſhed with two 
braſs balls, one at the end of each wire. The 
other, which is of very extenſive uſe in electrical 
experiments, is called the jointed diſcharging rod, 
fig. 9, pl. I; it is furniſhed with a glaſs handle; 

the legs are moveable, and may be ſet to any given 
diſtance by means of the joint. 

Place the Jar on the table, fo that the ball on 
the top of it's wire may be about one-eighth of an 
inch from the ball of the prime conductor. Turn 
the machine, and ſparks will fly from the ball of 
the conductor to the ball of the jar: continue turn- 
ing as long as you perceive the fire paſs between 
the conductor and ball of the jar; when it ccaſes, 
you may leave off turning, and conſider the jar as 


charged. This done, take hold of the diſcharger 


by the middle, and apply ee knob to the outſide 
coating near the bottom, and keeping it there, put 
the other to the ball of the j jar, and it will be dz/- 
charged of it's fire with a loud ſnap, but the perſon 
who holds the diſcharger fecls nothing from the 
diſcharge. | 


Now 
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Now charge the jar, and touch the. outſide 
coating with one hand, and then bring the other 
to the ball of the jar, you will then act the part 
of the wire diſcharger, and receive a ſhock ; it has 
affected you through your arms and breaſt, and the 
phial is diſcharged. You may caſily contrive, by 
way of recreation, to render the ſurpriſe occaſion- 
cd by this experiment more entertaining, by con- 
necting a chain with the outſide coating, and con- 
cealing it under a carpet, at the ſame time con- 
necting another with the top,“ placing it in ſuch 
a manner, that a perſon may put his hand upon 
it without ſuſpicion, at the ſame time. that his 
feet are upon the other wire; but great care ſhould 
be taken that theſe ſhocks are not too ſtrong, and 
that they be not given to all perſons indiſcrimi- 


nately. 


When a ſingle perſon receives a ſhock, the 


company is diverted at his ſole expence ; but all 
contribute their ſhare to the entertainment, and 
all partake of it alike, when the whole company 
form a circle by joining their hands, the perſon 
at one extremity of the circle touching the outſide 
coating, while he, who is at the other extremity 
touches the ball of the jar. All the perſons who 
form this circle being ſtruck at the ſame time, and 
with the ſame degree of force, it is pleaſant to 
ſee them all ſtart at the ſame moment, to hear 


them compare their ſenſations, and obſerve the 


It is often convenient, ſometimes neceſſary, to 
know the ſtate of a jar with reſpect to the charge; 
Mr. Henly's quadrant eledrometer is the beſt in- 
ſtrument yet known: for that purpoſe. It conſiſts, 
fig. 17, pl. 1, of a perpendicular ſtem formed at 


top like a ball, and furniſhed at it's lower end 
E with 


very different accounts they give. 


This may be conveniently done by what is called a medical 
Ele&rometer, | 
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with a braſs ferril and pin, by which it may be 
fixed in one of the holes of the conductor, or at the 
top of a Leyden bottle. To the upper, part of the 
ſtem, a graduated ivory ſemicircle is fixed, about 
the middle of which is a braſs arm or cock, to 
ſupport the axis of the index. The index conſiſts 
of a very ſlender ſtick, which reaches from the 
center of the graduated arch to the braſs ferril; 
and to it's lower extremity is faſtened a ſmall pith 
ball nicely turned in the lathe. When this elec. 
trometer 1s in a perpendicular poſition, and not 
electrified, the index hangs parallel to the pillar; 
but when it is electrified, the index recedes more 
or leſs according to the quantity of electricity. 


Or Tre TnxoRy oF THE LEyDEN BOTTLE, 


I ſhall now endeavour to explain to you the 
theory of this myſterious bottle ; and you will there 
ſee, that the electric powers, when in equilibrio, do 
really condenſe each other; and that one power 
always expands in proportion as the action of the 
other is withdrawn, or in proportion to the in- 
creaſe of one power, and the diminution of the 
other; and that when the bottle is charged, it is 
equally eleFrified on both ſides, but with different 
powers of electricity ; and when a communication 
1s made by. a conductor, the increaſed power on 
the outſide flies in, and the increaſed power with- 
in flies out, to make the powers equal within and 
——_ _ 

Place a Leyden bottle upon the inſulated ſtand, 
form a communication between it and the con- 
ductor, give the machine a few turns, and both 
fides of the bottle will be electriſied with the vitreous 
power, as you may eafily prove, by touching them 
with down or a ſmall ball ſuſpended by filk ; for 
when this is electrified by touching the outſide, 1 
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will be alſo repelled by the ball which communi- 
cates with the inſide. 

Place an inſulated bottle ſo chat the ball may 
communicate with the conductor; let a wire alſo 
be connected with the coating, ſo as to form a 
communication with the table. Now turn the ma- 
chine, and, 1. On applying a cork ball, you will 
not find any ſigns of electricity in the coating, but 
you will find the ball (or inſide) electrified with 
the vitreous power. 2. Remove the wire commu- 
nicating with the table, and you will find the coat- 
ing alſo electrified with the vitreous power; and 
this as often as you remove the wire, “T the bottle 
is full charged. 3. When the bottle is full charged, 
remove it's communication both with the con- 
ductor and table, touch the coating, and the cork - 
ball will remain ſuſpended by it, without any ſign 
of being electrified ; then touch the knob of the 
bottle with your hand, the cork ball will be 
ſtrongly repelled from the coating, and be elec- 
trified with the reſinous power. 4. Take another 
cork ball ſuſpended by filk, and touch the knob 
of the bottle therewith, and the cork ball will 
be electrified with the vitreous power and repelled. 
;. Now touch the coating with your finger, and 
the cork ball will be repelled much further by 
the ball; but that which was repelled from the 
coating, now flies towards 1t, and remains at reſt, 
till you touch the knob of the bottle with your 
finger ; it will then be electrified as at firſt, and 
be violently repelled; the ball which was elec- 
trified by the knob of the bottle will now fly to- 
wards it. This change in the extent of the atmo- 
ſphere of the different powers, takes place almoſt 
inſtantaneouſly as often as you touch the ball or 
coating. 

Or you may connect the knob of the bottle with 


the conductor by a wire, and ſuſpend a cork ball to 
44 touch 
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touch the conductor; then touch the coating, and 
the ball will be repelled from the conductor, 
while that next the coating is attracted; touch 
the knob of the bottle, and the ball will be repelled 
from the coating, and attracted by the conductor, and 
ſo on, as often as you touch the knob or coating. 
From hence it ſeems plainly to appear, I. 
That the bottle is electrified with the vitreous 
wer on the inſide, and the reſinous on the out- 
ſide. 2. That when the equilibrium of theſe powers 
is deſtroyed by leſſening the quantity of one, the 
extreme part of the other expands itſelf into an 
extenſive atmoſphere; but the atmoſphere of the 
leſſened power is condenſed, as appears by the cork 
balls falling cloſe to the conductor and coating. 
3. It remains to be ſhewn, how theſe powers 
came to be thus ſituated on the inſide and outſide 
of the bottle, or why they do not mix through 
the glaſs where they ſeem to have the greateſt 
tendency to unite. Here it will be neceſſary to 
conſider the ſeparation of ;theſe powers between 
the globe and the cuſhion, for all the other' phe- 
nomena are only a conſequence of the ſeparation 
that takes place between theſe. Now the cylinder 
parts with it's reſinous power to the cuſhion, in 
exchange for the vitreous; the conductor in like 
manner to the globe, and the inſide of the bottle 
to the conductor; and fo the exchange would go 
on with the next conducting ſubſtance, bur that 
the bottle gives ſome obſtruction to the paſſage of 
the electrical powers; by which means the vitreous 
power, which paſſes through the glaſs to the con- 
ducting ſubſtance upon the outſide of the bottle, 
is carried off together with the vitreous power of the 
coating, along the wire which communicates with 


the table, in exchange for an equal quantity of 


the reſinous power brought back by the wire to the 
coating of the bottle; till at length the reſinous 
| power 
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power on the outſide is able to counterballance 
the vitreous power on the inſide, and thus af- 
fords an opportunity for drawing off the reſinous 
ower on the inſide of the bottle, to the conductor; 
ſo that the bottle remains a partition between the 
two powers, and they cannot change place through 
the peculiarly conſtructed pores of the glaſs, while 
their ſurfaces are oppoſed in ſuch quantities. 

For when the junction is made in the open air, 
or when their ſurfaces are oppoſed in any quan- 
tity, it is not done without violence, occaſioning 
a loud noiſe and a flaſh of fire, while burſting 
through to meet each other; for wherever the dif- 
ferent powers unite in any quantity, they are me 
_ condenſed. 

The violent convulſion felt through che body 
by completing a circle with the hands, is only 
occaſioned by the different powers paſſing in op- 
poſition through the ſame nerves. - For if one 
perſon touches the coating, and another the top 
of the bottle, the bottle will be diſcharged with- 
out giving either of them the ſhock. Now it is 
very clear, that as much fire paſſed through either 
of them, as if each had ſingly diſcharged the bot- 
tle. But in this caſe the fire is diffuſed through 
all parts of the body, and the fire brought in, is 
drawn from all parts of the body, and conſequently 
the nerve cannot be ſo much ſhocked as in the 
former caſe, when all the fire paſſes in oppoſition 
ae the ſame nerves. 


ExPERIMENTS ILLUSTRATING THE THEORY OF THE 
LEY DEN PalaLl. 


Charge an inſulated bottle, remove it from 
the conductor, and let a cork ball ſuſpended by 
ſilk hang againſt the outſide of the bottle; touch 
the outſide or coating with your finger, the ball 

mult 
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will not be affected ; but touch the knob of the 
bottle, and the ball immediately flies off, ſtrongly 
electrified with the reſinous power; and thus you 
may go on for a conſiderable time, altering the 
ballance of the powers within and without fide the 
bottle, by alternately touching the top and the 
bottom of the bottle. The defenders of Franklin's 
ſyſtem will hardly ſay, it is the return of the po- 
fitive electricity which electrifies the ball nega- 
tively. The fact is, that when you touch the top, 
| you take a ſpark of the vitreous power from the 
inſide, and in exchange, give as much of the re- 
finous power thereto; by this means, the force of 
the vitreous power within the bottle is leſſened, 
which leaves the reſinous power on the outſide in 
greater quantity, than the vitreous within ſide, and 
conſequently at liberty to exchange with any non- 
electric in contact with it, and thus the ball be- 
comes electrified with the reſinous power. 

' Charge a bottle fully, and remove the wire 
from the table, and make the coating communi- 
cate with the conductor inſtead of the knob, and 
then turn the machine, and the refinous power 
with which the coating iS electrified becomes 
covered with the vitreous power, and you may 
take as many ſparks from it as you pleaſe, without 
making any change in the charge of the bottle; for 
when you ſtop turning, and remove the communi- 
cation with the conductor, and touch the outſide 
of the coating with the finger, all ſigns of the 
vitreous power diſappcar; and when the cirele is 
completed, the bottle is diſcharged with as loud 
a report as it would have done before you applied 
the conductor to the coating; for the vitreous 
power within the bottle being undiſturbed, kept 
an equal quantity of the reſinous power firmly 
fixed to the outſide of the bottle. 

But the caſe is different when you give the 
vitreous 
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vitreous power from the inſide an opportunity to 
eſcape: Thus when the bottle is full charged as be- 
fore, remove the wire that communicates with the 


table, and bring the coating in connection with 


the conductor; after a turn or two of the cylin- 
der, take a ſpark from the ball of the bottle, and 


you will find that it will fly to a conſiderable diſ- 


tance, often double the diſtance you can draw a 
ſpark fromthe conductor, becauſe the vitreous power 
covering the reſinous power on the coating, lefſens 
the action on the vitreous power within the bottle, 


and therefore leaves that power greater freedom to 


fly off; but as you go on taking ſparks, they gra- 
dually leffen, becauſe after a few, the vitreous power 
in the bottle is leſſened, and the reſinous power 
within increaſed by the quantity received in ex- 
change on every ſpark; and thus by a few ſparks, 
the bottle is diſcharged ; but if you go on to take 
more ſparks, the bottle will be re-charged with the 
reſinous power withinſide, inſtead of the vitreous, 
with which it was before charged. | 

Again, ſuppoſe fifty turns of the cylinder will 
charge your bottle, turn only twenty-five, and then 
remove the communication between the coating 
980 table, and as you urn on, {whether you conti- 
nue the communication from the conductor to the 
top of the bottle, or ſhift it to the coating, ) you 
will find the bottle electrified on both fides with the 
vitreous Power ; remove the bottle from the con- 
ductor, and then diſcharge it with an inſulated 
diſcharger, and you will find the bottle ſtill elec- 
trified, both within and without, with the witreons 
power ; but this electricity will diſappear, by 
touching either the ball or coating with your 
jinger, : 

To illuſtrate further the reciprocal exchange of 
the eleftric powers, here is an inſulated bottle with 
a wire proceeding from the bottom, at right an- 

| ? gles 
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gles to which is a wire for receiving a needle with 
reverſed points; make the top of the bottle commu. 
nicate with the conductor, and all the lime the bote 
tle 15 charging, the needle will turn; but wher the 
bottle is charged, the needle ſtops. Then touch 
the top of the bottle with your finger, or any con- 
ductor, and the needle will turn till the bottle is 
diſcharged. Now while the bottle is charg- 
ing, if you touch the needle with a piece of 
bog-down, or a cork þall, ſuſpended by ſilk, you 
will find it electrified by the v/treous power, which 
flies off in exchange tor the reſinous power drawn 
in from the air to the outſide of the bottle; and 
while the bottle is diſcharging, if you apply the 
down or ball in the ſame manner to the needle, you 
will find them electrified with the re/inous power, 
which flies off from the outſide of the bottle in ex- 
change for the vitreous power drawn in through 
the points from the air; while the vitreous power 
from the inſide of the bottle makes the ſame ex- 
change for the reſinous power through your finger, 
to make theſe different powers equal to each other, 
withinſide and withoutſide the bottle. 

Place two Leyden bottles on an electric ſtand, 
with their coatings in contact; and while you 
charge one from the conductor, let a perſon on the 
floor touch the top of the other bottle with his fin- 
ger; you will find the firſt bottle charged with the 
vitreous power inſide, and the ſecond with the re- 
ſinous power inſide. Now the exchange here is 
evident ; for while the reſinous power from the in- 
fide of the firſt bottle changes place with the vi- 
treous thrown in from the conductor, the vitreous, 
from the coating, changes place for ſo much of 
the refinous from the coating of the ſecond bottle; 
and the vitreous in that bottle changes place for fo 
much of the reſinous pow er drawn in through the 
man on the floor. 


I charge a Leyden phial, and ſet it aſide to be 
in 
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in readineſs to aſcertain the ſtate of another. I now 
take the bottle with the projecting wires, fig. 10, 


/. 1, unſcrewing the ball from the wire at the 


coating, and ſuſpending a pair of pith balls there- 
from. This done, I bring the knob of the bottle 
to the conductor; I work the machine, and the 
phial will charge ſlowly, and the balls will repel 


each other; while I am turning and the bottle charg- 


ing, bring the knob pf the firſt bottle towards the 
balls, and they 'wHl be repelled thereby. This 


plainly proves, that the outſide of the bottle is 


eleFrified vitreouſly while it is charging, that is, with 
the ſame electricity as the inſide. 


Let us diſcharge the bottle with the project- 


ing wires, and charge it again as before, and you 
will ſtill find, that 2whz//2 zt is charging, the balls 
will fly from the knob of the firſt bottle; I ceaſe 
turning, and the balls ceaſe to repel each other; 
they now touch each other, and again recede, but 
with a contrary electricity, for they are now at- 
tracted by the knob of the firſt bottle. This ſhews 
that the difference between the two ſides cannot ap- 
pear, while they are charging, or while vitreous 
electricity is forced through the jar. Fs 
Let us now diſcharge both bottles, in order to 


try another experiment, to determine the ſtate of 


the outſide during the charge. I firſt put the ball 
on the end of the wire of the bottle with the pro- 
jecting wires, bring the knob thereof to the con- 
ductor, holding the knob of the firſt bottle againſt 
the coating of that with the projecting wires ; by 


working the machine, both will be charged. As 


ſoon as they are pretty well charged, and whzle the 
machine is working, remove the firſt bottle from the 
other ; after this is removed, ceaſe working the 


machine as ſoon as poſſible. . I now connect, by a 


wire, the two outſide coatings, and bring the balls 
to each other. If, while the bottles were charg- 


ing, 


2” 
TP I — 
= 


mal r 4 
"” —_— 
? * 

—— — 


ym genes 
: — 1 — 
. —— — : * 
2 2 a — — — 2 = —_ A * 
ä —— — 
2 : —— D — oy — bs 8 5 21 — 
— ——_ 2 4 * — 24 1 BY " m 2 * r b _ . 
= I Me 2 n 5 2 : — — 4 — * 0 
= —— - wn — 1 nr retard EI ͤ——̃ — 
TROLLS — „7 — = TS = 
- —_ 7 * = SS <2 "= 26 * 5 5 — 


8 a WIVES ED ITE 
— — oa LACWPr:... camror fit ee 4251: "AYP: "= S 2 
» 


350 Leerukks on Narurat Puitooynr, 


ing, the outſide of that with projecting wires had 
been reſinouſly electrified, the inſide of the ſecond 
would have been fo alſo ; and on their being thus 
brought together, both bottles would be diſcharg. 
ed ; but this is not the caſe, for the inſides of both 
are Charged with the vitreous electricity, the coat. 
ing having exchanged powers with the bottle 
charged thereby. This experiment ſhews, that to 
conſider one ſide of a phial to be poſitive, and the 
other negative, at the time they are charging, is er- 
roneous. | . 

The criterion of the reſinous and vitreous 
electricity, as determined by the light on metal- 
lic points, gives full evidence in favour of Mr. 


Eeles's theory, while it is directly oppoſed to that of 


Dr. Franklin. For you will here find, that during 
the time that the bottle is charging, the outſide ex- 
hibits the ſign of vitreous electricity. To prove 


this, I place a pointed wire at the end of the con- 


ductor, and place this apparatus, with the ſliding 
wires, fig. IT, pl. 1, on one of the inſulated ſtands, 
firſt removing the bottle therefrom ;T then unſcrew 
the balls from the projecting wires of the ręmain- 
ing inſulated bottle, and alſo from the ſliding wire, 
which leaves the points, that were under the bottle, 
expoſed and ready for our operations. 

Things being thus prepared, I place the in- 
ſulated bottle, ſo that the point, from the infide, 
may be about half an inch diſtance from that in 
the conductor, and Jet one of the points of thc 
fliding wire be at the ſame diſtance from, and op- 
poſite to, the point projecting from the outſide of 
the inſulated bottle. I now turn the machine, and 
as ſoon as the charge begins, the ſigns of the elec- 
tricities are viſible, illuminating the points of the 
interrupted circuit. The point on the prime con- 
ductor gives the bruſh or ſign of vitreous elec- 


tricity; the ſign on the point oppoſed to it on 


the knob of the bottle is reſinous. The light 
| b anom 
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from the wire, that projects from the coating of 
the bottle, is the bruſh or vitreous ramified light ; 
but that of the point oppoſed thereto, is the ſtar, 
or ſign of reſinous electricity, as they ought to be 
according to Mr. Eeles's theory, not © contrary to 
the kind or ſource of electricity from whence they 


proceed, which is the caſe, on the principles of 


the Franklinian theory.“ 


EXPERIMENTS SHEWING THAT IN THE DISCHARGE 
or THE LEYDEN JAR, THE TWO ELECTRICI- 


TIES RUSH INTO UNION FROM OPPOSITE Di- 


RECTIONS. 


The three firſt experiments I ſhall mention to 
you, were made by Mr. Atwood, of Cambridge, 
and are deſcribed by him in the Analyſis of a 
courſe of Lectures, which he read at Cambridge. 

He ſlightly charged the ſurfaces of an electric 
inſulated plate, and diſcharged it through an inter- 

rupted Circuit, (formed of needles placed in a 


groove of wax, the diſtance between each needle 


was very ſmall ;) the ua powers were viſible, on 
_ the diſcharge illuminating the points of the inter- 
rupted circuit, each power extending further from 
the ſurface contiguous thereto, in proportion to the 
ſtrength of the charge; but when this was ſuffi- 


ciently ſtrong to make the illuminations proceeding 


from each ſide meet, there was an exploſion of the 
whole charge. The length of the interrupted cir- 
cuit made by Mr. A. was twelve feet. Eo 
Mr. A. charged a cylindrical plate of air, un- 
der the receiver of an air. pump, and found that 
the more the air was exhauſted from between the 
ſurfaces, the more readily and eaſily he powers 


united. | 
He 


* Read's Summary View of Spontaneous Electricity, p. 8 1 & 82, 
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He made an exhauſted receiver part of the 
electric circuit, and on uſing ſuch charges as were 
not ſufficient to form an exploſion, he found the 
electric light proceeding in pte directions from 
the parts communicating with the vitreous and re- 
ſinous ſurfaces. 
When a Leyden jar is charged but ſlightly, if 
you touch the coating with a finger of one hand, 
and at the ſame time bring a finger of the other to 
the knob of the jar, you will receive a ſmart blow 
upon the tip of each finger, but the ſenſation 
reaches no higher. Charge the jar a degree higher, 
and you will feel a ſtronger blow, reaching to the 
wriſts, but no further. When it is charged ſome- 
what higher, a ſevere blow will. be received, but 
which will not reach beyond the elbows. Laſtly, 
when the jar is ſtrongly charged, the ſhock will 


be perceived at the wriſts and elbows, but the prin- 


cipal blow is felt at the breaſt, as if a blow from 


each ſide met there. This plain and fimple expe- 


riment of Mr. Symmers obviouſly ſuggeſts the exiſt- 
ence of two currents proceeding in contrary directions, 
accords With thoſe of Arwood and Volta, * and is 


in direct contradiction to that affertion of the 


Franklinians, © that the /ame quantity of electric 


matter, which is thrown upon one of the ſurfaces 
of glaſs in charging, is driven from the other, and 


that in the diſcharge his accumulated' quantity is 
reſtored to the deficient ſurface.” | 


When a jar is charged very high, the ele&ri- 


cities will often, in their endeavours to unite, force 


a hole through the jar, and puſh out the coating 


on both ſides, ſometimes melting it; the burr of 
tinfoil protruded from the middle of the glaſs 
ſtrongly indicates, that the 7wo elefricities meet at 

| the 


* See my Eſſays on Electricity. 
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the middle of the glaſs; * there alſo the greateſt. 
effort is exerted. _ FT] Pr 

Mr. Read ſays, that when the charge for melt- 
ing of fine wire is of a proper intenſity to melt 
it into fine globules, he has obſerved the wire 
to be of a paler red heat in the middle, than at the 
extremities, and the melting to begin at the middle; 
leaving a portion unmelted at each end. At other 
times (though leſs frequent) the wire was obſerved 
to be of a more glowing heat in two parts, and 
theſe were generally near the middle. Theſe ef- 


ſets clearly ſhew, that the vitreous and reſinous 


electricities of the charged jar, met in great force 


near the middle of the wire, which is directly con- 


trary to the leading notions of Franklin's theory. 

The remarkable tendency of the divided fluids 
to unite, is often perceived in a full charged Ley- 
den bottle, at the upper edge of the outſide coat 
ing, and at the edge of the cork on the neck of the 
bottle; rays of light darting from each, and ſolicit- 
ing, as it were, an union, and ſometimes forming 
an actual circuit. | | : | 


| The $AME PRINCIPLES CONFIRMED BY THE AP PEAR 
ANCES OF THE ELECTRIC SPARK, 


The electric ſpark appears of different colours 


according to it's denſity; when it is rare, it appears 


of a blueiſh colour; when more denſe, it is purple; 
when highly condenſed, it is clear and white, like 
the light of the ſun. 5 
The middle part of an electric ſpark often ap- 
pears diluted, and of a red or violet colour, while 


the ends are vivid and white; this appearance can- 


not be accounted for by the theory of a Angle 
fuid moving in one direction, but is a proof of two 
Vol. IV. Aa currents 


= 
* 
* 


* Read on Spontaneous Electricity, Ec. p- 44. 1 
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currents moving in oppo/ite directions; the electric 
ſigns growing weaker where the two powers 
unite, Mr. Read * has well, and I believe firſt 
obſerved, that the place of re-union is much lefs 
luminous, and in ſome caſes quite dark; and that 
this is the natural effect of the union of the two 
electricities; at that point the diſtinctions of vitre- 
ous and reſinous ceaſe, and there the electric light 
vaniſnhes. Theſe appearances are beſt obſerved, by 
viewing in the dark a ſtrong electric ſpark paſſing 
between two bodies, electrified with contrary elec- 
tricities, | 

Though the appearances of the electric light 


on a point and ball, as well as of the electric ſpark, 


are ſubject to many variations, yet are there certain 
figns generally pecuhar to each kind of eleftricity. 
For inſtance, if the reſinous part of a ſpark be ſmall, 
or what has been uſually termed the luminous glo- 


bule, then the middle part is generally of a pur- 


plith colour. When ramified rays iſſue from the 
vitreous part, then the reſinous is more extended, 
ſtretching out towards the vitreous. When the 
vitreous and reſinous electricities ſtrike into each 
other in denfe hight, in various parts of the inter- 
mediate ſpace, then their exact place of union is 
generally obſervable by a dark /por. Mr. Read, 
with propriety, conſiders the 4% of /ight in any 
part of an electric ſpark, whether total or partial, 
as the immediate effect, and conſtant ſigns of the 
re- union of the two electricities. | 

Mr. Read obſerves, that whether the reſinous 
light aſſumes the figure of an oblong flame, or of a 
luminous globule, in either caſe the vitreous light is 
ſeen to approach, and unite with it in all poſſible 
directions. The effect of a vitreous ſurface appears 
to extend farther than that of a reſinous ſurface. 

1 7 Tue 
5 Read's Summary View of Spontaneous Electricity, p. 47, 4% 
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Tur opposITE DIRECTIONS oF THE TWO ELECTRI- 
CITIES, PROVED BY THE: APPEARANCES OF THE 
ELxcTkic LIGHT In Vaevuo. | 


Though I have already pointed out to you 
ſome experiments in vacuo, that illuſtrate this 
point, yet thoſe of Mr. Read's are fo deciſive, 
that not to mention them, would be to deprive 
you of eſſential information on this ſubject. | 

For theſe experiments, Mr. Read uſed a glaſs 
tube, 3 feet 7 inches long, furniſhed at each end 
with braſs caps, one of the caps fitted to the 
plate of the air-pump; from each cap a braſs wire, 
on which was a braſs ball, projected within the 
tube; when this tube is ſufficiently rarified, the 
charge of a Leyden phial will readily paſs through 
the rarified air. 3 Ss 

In making theſe experiments, you muſt only 
lightly charge your Leyden jar; for if the charge 
is ſtrong enough to force the whole contents ſwift- 
ly through the rarified air, the motion of the fluid 
is too rapid, and the light too reſplendent to per- 
mit an exact obſervation of it's appearance. | 

On making the diſcharge in the dark, you 
will perceive, the moment the circuit is formed 
for that purpoſe, a light within the tube, but 
chiefly at each end. Theſe lights are of the con- 
trary kinds of eledricity, and accord with the 
ſide of the bottle to which they are connected. 
You may ſometimes perceive the two lights to have 
Is a manifeſt tendency to meet near the middle of the 
a reſiſting medium. Mr. Read has obſerved the light 
I within the tube to be conſiderably diminiſhed in 
ſplendor, where the two powers unite, and ſo it 
ought to be, for when the two electricities unite, 
e, aud regain their natural ſtate, they loſe their light, 
fs for it is only in a divided flate, that the eleckrical 
, Wl "otter is luminous ; the ſame appearances are pro- 
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duced in the tube by the ſimple ſpark, that is, the 
contrary elefricities are obſerved at each end. . 

But this is ſtill further confirmed by a new 
obſervation, and deciſive experiment of Mr. Read's. 
He ſuſpended his exhauſted tube in. an horizontal 
direction, by ſilk lines from the ceiling; f one end 
was placed ſo as to receive an electric ſpark from 
the conductor of his machine,'at half an inch from 
the other end; there was a metalic communication 
with the earth. 

On turning the machine, the tube 1s filled 
with electric light, and continues ſo long as the 

action of the machine is continued. Mr. Read 
firſt obſerved, that the inſtant the ſupply ceaſes, 
the light divides near the middle of the tube, and 
flies back to the ends ; fully evincing the truth of 
Mr. Eeles's theory, by ſhewing hat the light with. 
in the tube is not all of one kind of electricity, the 
tube includes both electricities in one appearance of 
light; the moment the action of the machine is 
diſcontinued, the afflux and efflux ceaſes, and each 
electricity returns to it's own place, where the ſe- 
paration firſt commenced. 

To aſcertain beyond diſpute, that the light 
within this kind of exhauſted tube conſiſted of 
vitreous and reſinous light, he made the following 
experiment. The glaſs tube was ſuſpended as be- 
fore, and two Leyden phials in an horizontal poſition, 
but lying on glaſs ſtands, were placed one at 
each end of the tube, with their metallic knobs 
nearly in contact with the metallic caps of the 
glaſs tube. In this diſpoſition of the apparatus, the 
coating of one bottle is to receive a ſpark from 
the prime conductor, and the coating of the other 

a ſpark 
Read, p. 51, 52, 53» 

+ It is more convenient to flats the glaſs tube, or luminous 
conductor by glaſs pillars, as fig. 13, pl. 1. 
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a ſpark from the metallic communication with the 
earth. | 

On turning the cylinder, ſparks were per- 
ceived to paſs in the four intervals of air, and at 
the ſame time a luminous appearance within the 
glaſs tube. On removing the bottles, and examining 
their charges, they were found to correſpond with 
the lights within the tube, to which they were op- 
poſed. One bottle was vitreouſly, the other reſin- 
ouſly electri fied.“ | FIG 
Theſe experiments clearly prove, that there 
is at the ſame time one power acting from within, 
towards the outſide of a charged Leyden phial, and 
another power acting from the outſide towards the 
inſide of the phial; and thus concur with others 
in ſhewing, that electricity conſiſts of two diſtinct 
poſitive powers acting in contrary directions, and 
towards each other. | 

Here is a coated flaſk from which the air has 
been exhauſted, that you will find, on trial, to illuſ- 
trate pleaſingly the theory of electricity, fig. 14, 
pl. I. 

From the experiments on the theory of the 
Leyden bottle, I ſhall now proceed to ſome enter- 


taining ones with the ſame inſtrument. No elec- 


trical experiments anſwer fo well the joint pur- 
poſes of pleaſure and ſurpriſe, as thoſe that are 
made with the Leyden phial. And philoſophers are 
ſo far from laughing at the aſtoniſhment of the ig- 
norant at theſe experiments, that they cannot help 
viewing them with equal, if not greater aſtoniſh=- 
ment themſelves. There are indeed, as Dr. Prieſtley 
mas obſerved, many electricians ſtill living, who 


can well remember the times when, with reſpect to 


Aa 3 theſe 


* Mr. Eeles, from his theory, pointed out in 1738, the mode 
of making this experiment, and foretold what would be the re- 
ſult. This is only one among many inſtances, where in reaſoning a 
priori, he has pointed out reſulis, that the Franklinians of the 
day denied. 4 | | 


\ 
ENS ERNEST r ä 


Ms deer ad — Z r 2 = — 2 SES — . rt — 


— — — — 


a — 7 
. ˙— inner ner 


358 LITSœ TURES on NATURAL PRHILOSOP HV. 


theſe things, they themſelves would have ranked 
among the ſame ignorant and ſtaring vulgar. 
What would the ancient philoſophers have 
ſaid, what would Newton himſelf have ſaid, to ſee 
the preſent race of electricians imitating, in mini- 
ature, all the known effects of lightning; nay, 
efſaying to diſarm the thunder of it's power of 
doing miſchief, and without any apprehenſion of 


danger to themſelves, drawing lightning from the 


clouds into a private room, and amuſing themſelves 
at their leifure, by performing with it all the 
experiments that are exhibited by electrical ma- 
chines? | 

One cannot indeed conſider the preſent im- 
proved ſtate of philoſophy, without indulging, with 
the Rev. Mr. Jones, a wiſh to exhibit to the wiſe 
men and heroes of ancient times, ſome of thoſe 
wonderful improvements which are now ſo familiar 
to us, but were totally unknown to them. 

I would give, ſays he, to Ariſtotle, the elec- 
trical ſhock: I would carry Alexander to ſee the 
experiments upon Woolwich Warren, and exhibit 
to him all the evolutions and firings of a modern 
battalion : I would ſhew to Julius Cæſar, the in- 
vader of Britain, an Engliſh man of war; to Archi- 
medes a ſteam engine, and a reflecting teleſcope.” 

Entertaining electrical experiments are not 
without their ule, for they even give philoſophic 
minds an opportunity of viewing things under 
different points of view, and often arreſt their at- 
tention on objects which had before eſcaped their 
notice. 

To firike a hole through a card. Having charged 
your Jar, hold a card with one hand cloſe to the 
coating of the jar near the bottom, then apply one 
knob of the diſcharging rod to the card, and the 

other 


* Jones's Phyſiological Diſquiſitions, 
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orher to the ball of the bottle, and the diſcharge 
will paſs through the card, and will make a hole 
through it with a bur on each fide, of which I 
ſhall take more notice hereafter; it will have a 
ſtrong Tulphureous ſmell. | 

If the experiment be made with two cards 
inſtead of one, (the , cards muſt be placed but at a 


very ſmall diſtance from each other) each of the 


cards, after the exploſion, will be found pierced 
with one or more holes, and each hole will have 
burs on both ſurfaces of the card. | 5 

To flain paper, you muſt lay a chain upon a 
ſheet of white paper, and paſs a ſhock through it; 
the paper will be found to be ſtained with a black- 
iſh tinge at every juncture of the links. If you 
make this experiment in the dark, a ſpark with a 
kind of radiation will be ſeen at each juncture ; 


and the chain will appear illuminated like a line 


of fire; an iron chain anſwers beſt the purpoſe. 
You may alſo, by the diſcharge, ſtain glaſs with 
gold leaf; for this end, take two ſlips of common 
window glaſs, each about an inch broad, and 3 or 
4 inches long ; then take a narrow ſlip of gold or 
filver leaf, and put it between the glaſſes length- 
wiſe, letting the ends of the leaf hang half an'inch 
without the glaſſes at each cnd; place the glaſſes 
in the ſmail wooden preſs, and fix them there by 
a gentle preſſure, and then lay them down on the 
table, ſo that one end of the metal leaf may be in 
contact with the coating at the bottom of the jar; 
and when the jar is charged, put one end of the 
. diſcharged rod upon that part of the leaf that lies 
without the glaſs, which is farther from the jar, 
and apply the other end of the diſcharger to the 


top of the jar, and the fluid will paſs through the 


metal leaf; and when the glaſſes are taken aſun- 
der, you will find, that the leaf has been actually 
A2 > melted 
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melted by the electric lightning, and driven into 
the very ſubſtance of the glaſs. 

A pane of glaſs, coated on each fide, the 
coating being every where about two inches from 
the edge, with a picture paſted on the upper ſide, 
and put into a frame, is called the magic picture; 
one line of tinfoil that goes from the coating of the 
under ſide, 1s made to communicate with the bottom 
of the frame ; the back edge of the bottom rail and 
the frame 1s covered with tinfoil. Set the face of 
the picture againſt the. ball of the conductor, and 
turn the machine. Then take it away, and hold- 
ing it in an horizontal poſition by the top of the 
frame, lay a ſmall piece of money upon the head, 
You may then deſire any perſon to take hold of the 
lower rail of the frame with one hand, and to take 
off the piece of money with the other; in attempt- 
ing to do this, he will fail of his deſign, for the mo- 
ment he touches the money he will receive a ſtrong 
ſhock. You muſt continue to hold the ſrame all the 
while, and will have nothing to fear, becauſe none 
oftheelectric virtue, with which thepicture is charg- 
ed, can come to you, as you are not in the circuit. 

This bottlcalled is the /paized bottle, becauſe 
it is only coated with ſmall pieces of tinfoil, placed 
at a little diſtance from each other ; charge this bot- 
tle in the uſual manner, and you will ſee ſtrong ſparks 
of electricity fly from one ſpot of tinfoil totheother, 
making the paſſage of the fluid on the outſide very 
viſible. Diſcharge this bottle, by bringing a point- 
ed wire gradually near the knob, and the uncoated 
part of the glaſs between the ſpots will be pleaſing- 
ly illuminated, and the noiſe will reſemble that of 


ſmall fired crackers. If the jar is diſcharged ſud- 


denly, the outſide ſurface appears illuminated. To 
produce theſe appearances, the glafs muſt be very 


Hold a phial in the hand which has no coat- 
| | h | ing 
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ing on the outſide, and preſent it's knob towards 
an electrified conductor; the fire, while it is charg- 
ing, will paſs from the outſide to the hand, in a 
pleaſing manner; on the diſcharge, beautiful ra- 
mifications will be ſeen upon the uncoated part of 
the jar. 


houſe in flames. To make this experiment ſucceed, 
take a piece of ſoft row, dry it well, and then rub, 
or fill it pretty well with roſin, and place it be- 
tween the balls in the inſide of the houſe; the balls 
ſhould not be far aſunder, nor the charge too high; 
connect the hook at the bottom of the houſe, with 
the bottom of the jar; let the top of the jar be 
connected with the conductor, and when it is 
charged, put one ball of the jointed diſcharger on 
the conductor, and bring the'other down upon the 


ball above the houſe; the exploſion will ſet the 
tow on fire, whoſe flames will paſs through the win- 


dows, and make the houſe appear like one on 
fire. 


therefrom ; one ſet connected with the inſide, the 


other with the outſide, ſee fig. 16, pl. 1. Hook 
up the chain from the bells communicating with 
the inſide, that they may have no connection with 


the table; charge the bottle in the uſual manner ; 
during the charge, the ſet ſuſpended from the out- 
ſide will continue to ring. After the bottle is 
charged, unhook the wire of the bells ſuſpended 
from the inſide. Touch now the wire A, and the 


bells will ceaſe ringing, but the other ſer will be- 


gin to act; take the finger from A, and apply it to 
B, and the bells at B will be quiet, while thoſe at 
A will be ſet in motion, and ſo on alternately, till 


By ſetting fire to ſome tow in a tin houſe, you 
have a repreſentation of that awful appearance, a 


You may pleaſingly illuſtrate the nature of the 
Leyden phial, by ſuſpending two ſets of bells 


ExPtRI-. 
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ExpRINMENTS WITH THE ELECTRICAL BATTERY. 


The moſt formidable part of the electrical ap- 
paratus is the eleFrical battery, that is, a number 
of jars connected together in a box; the bottom 
of the box is covered with tin-foil ; from theſe a 
hook projects on the outſide of the box, by which 
any ſubſtance may be connected with the out- 


fide ef the jars; their inſides are all connetted by 


With a battery you may perform a great 


number of very ſurpriſing and intereſting experi- 


ments; and though, if very large, it be a formida- 


ble appendage to an electrical machine, and ought 


always to be uſed with caution, yet it cannot be 
faid, that the apparatus of an electrician is com- 
plete without it; it's effects in rending various bo- 


dies, in firing gunpowder, in melting wires, and 


in imitating all the effects of lightning, never fail 
to be viewed with aſtoniſhment. | 
There is ſome caution neceſſary, in the - uſe 
and management of a battery, and you ſhould be 
careful never to make part of the circuit, and to 
prevent thoſe rhat are ſeeing the experiments 
touching the battery, or approaching too near to 
any part of the apparatus; the quadrant electrome- 
ter ſhould be always uſed with it; it is beſt to 
place it upon the ball, which unites the internal 


wires, but it ſhould always be elevated two or three 
feet above the ball. A battery cannot be charged 


ſo high in proportion, as a ſingle jar; the quadrant 
electrometer, therefore, never riſes ſo high as 90 
degrees, {ſeldom higher than to 60 or 70 degrees, 
more or leſs, in proportion to the ſize of the batte- 
ry, and the force of the machine. I muſt obſerve 


to you here, that if one jar in your battery be broke, 
| 5 yon 
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you muſt remove the broken jar, before the reſt can 
be charged. 5 

Mr. Atwood made, with his battery, a very cu- 
rious experiment on the perforation of paper by the 
electric fluid; combined with thoſe that I ſhall af- 
terwards relate to you, you will find it prove, with 
great clearneſs, the exiſtence and action of the two 
electric powers. | | | 

He ſuſpended a quire of paper by a line, in 
the manner of a perdulum, from a convenient al- 
titude, ſo that it's plane might be vertical. The 
largeſt charge from a battery was paſſed through 
ir, while quieſcent in an horizontal direction per- 
pendicular to the plane, the rods of communication 
not touching the paper; the phenomena were, fr/t, 
the aperture mentioned in the leaves, being protrud- 
ed both ways from the middle:* /2cond, not the 
ſmalleſt motion was communicated to the paper 
from the force of the diſcharge. . | 
A quire of the thickeſt and ſtrongeſt paper 
was made uſe of for this experiment, the height 
from which it was ſuſpended ſixteen feet. It is 
an extraordinary appearance on the hypotheſis of a 
ſingle electric fluid, that a force ſufficient to pene- 
trate a ſolid ſubſtance of great tenacity and cohe- 
five force, ſhould not communicate the ſmalleſt 
motion to the paper, when a breath of air would 
cauſe ſome ſenſible vibration in it. But the other 
phenomenon, 1.e. the oppoſite direction in which the 
leaves are protruded, tends very much to ffrengthen 


the opinion of two oppoſite currents; indeed when 


the two facts are taken together, it is ſcarcely poſ- 
ible to reconcile the hypotheſis of a ſingle power 
with matter of fact. | 

Mr. 


* The bur of the paper pointed one way on one ſide, and 
the oppoſite way on the other ſide, as if the hole had been made 
in the quire, by drawing two threads through it, in a contrary 
direction. 
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Mr. Symmer placed in the middle of a paper 
book, of the thickneſs of a quire, a ſlip of tin-foil ; 
in another of the ſame thickneſs he put two ſlips 
of tin-foil, including the two middle leaves be. 
tween them; upon paſſing the electric ſtroke 
through them, he found the following effects. In 
the firſt, the leaves onthe fide of the foil were pierced, 
while the foil itſelf remained unpierced ; but at 
the fame time he could perceive, that an impreſ- 
fion had been made on each of it's ſurfaces, at a 
ſmall diſtance from each other; fuch impreſſions 
were ſtill more viſible on the paper, and might 
be traced as pointing different ways. In the ſe- 
cond, all the leaves of the book were pierced, 
excepting the two holes that were between the 
flips of foil, and in theſe two, inſtead of holes, 
the two impreſſions in contrary directions were 
viſible, | ; 

When a quire of paper, without any thing 
between the leaves, is pierced by the electrical 
ſtroke, the two powers keep in the ſame track, and 
make but one hole in their paſſage through the 
paper; not but that the power from above, or that 
from below, ſometimes darts into the paper at two 
or more different points, making ſo many holes; 
but theſe generally unite before they go through 
the paper. They ſeem to paſs each other about 


the middle of the quire, for there the edges are 


moſt v1/ibly bent different ways; whereas, on the 
leaves near the out ſide, the holes very often carry 
more the appearance of a power iſſuing out, than 
of one darting into the paper, 


When any thin metallic ſubſtance, ſuch as gilt 


leaf, or tin-foil, is put between the leaves of the 
quire, and the whole is ſtruck; the counteracting 
owers diviate from the direct track, and make their 
way in different lines to the metallic body, and ſtrike 
it in two different points diſtant from one ag 
about 
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about 4 of an inch, more or leſs; the diſtance ap- 
pearing to be generally leſs when the power is 
greateſt; and whether they pierce or only make 
impreſſions upon it, they leave evident marks of 
motion from lo different parts, and in two con- 
trary directions. | 

When two ſlips of tin- foil are put into the mid- 
dle of the quire, including two or more leaves be- 
tweenthem, if theelearicity be but weak, the counter- 
ating powers only ſtrike againſt the ſlips, but leave 
an impreſſion ; if the ſhock be ſtronger, one of the 
ſlips 1s pierced, but ſeldom both; and it appear- 
ed in general to Mr. Symmer, that the power 
which iſſued from the outſide, acts with greater 
force, than that which proceeded from within. 

To break thick pieces of glaſs. Place a thick 
piece of glaſs on the ivory plate of the univerſal 
diſcharger, jig. 15, pl. I, and a thick piece of ivory 
on the glaſs, on which a weight from one to ſeven 
pounds is to be placed; take off the balls a, b, 
bring the points of the wires againſt the edge of 
the glaſs, and paſs the diſcharge through the wires, 


by connecting one of the wires with the hook of 


the battery, and forming a communication, when 
the battery 1s charged, from the other wire to the 
ball. By this operation the glaſs will be broken, 
and ſome part of it ſhivered to an impalpable 


powder. When the piece of glaſs is ſtrong enough 


to reſiſt the ſhock, the glaſs is often marked by 
the exploſion with the moſt lively and beautiful 
colours. 
Place a piece of very dry white wood between 
the balls of the univerſal diſcharger, the fibres of 
the wood to be in the ſame direction with the 
wires, paſs the ſhock through them, and the wood 
will be torn to pieces; or run the points into the 
wood, and then paſs the ſhock through them. 


To melt wires by the electrical fluid, you 
Er ought 
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ought to have a battery containing at leaſt 30 
ſquare feet of coated ſurface; you may then con- 
nect the outſide coating with a wire of about th 
of an inch in diameter, and from 12 to 24 inches 
in length; faſten the other end of the wire to one 
of the balls of the diſcharging rod; on making 
the diſcharge, the wire will become red hot, then 
melt and fall upon the floor or table in glowing 
globules. Sometimes the ſparks are thrown to a 
conſiderable diſtance, if the force of the battery 
be very great, they will be entirely diſperſed by 
the exploſion.* | | 


oY 


* For a further variety of experiments, ſee my Eſſay on 
Electricity. 
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LECTURE XL VIII. 


On LIGHTNING, AND THE UstrulNness or METAL- 
Lic ConDUCTORS TO DEFEND BUILDINGS FROM 
17's EFFECTS. | 


% ei pee can be more natural than to paſs 


from the electrical battery to lightning itſelf, 


for the former ſeems to be more than an imita- 
tion; it is nature inveſted with her own attire. The 
light and ſound accompanying theſe phenomena, 
when exhibited on the great ſcale of nature, are 
indeed ſo awfully ſublime, that we can ſcarce with 
propriety reflect on the weakneſs of thoſe, who, in 
ages leſs informed, ſuppoſed it to be the immediate 
miniſter of vengeance from an angry Deity. They 
are now more rationally conſidered, as the natural 
means of reſtoring a neceſſary equilibrium; the 
rough diſcords of nature productive of en har- 
mony. 

The phenomena of lightning are always ſur- 
priſing, and ſometimes terrible; there is no ap- 
pearance in which there is more diverſity, no 
two flaſhes being obſerved exactly ſimilar to enen. 
other. 

On a ſummer's evening, it may often be per- 


ceived to play among the clouds; this kind is 
quite inoffenſive, and is not accompanied with 


thunder. 
When the lightning is accompanied with 
thunder, it is well defined, and has generally a zig- 


zag form; ſometimes it only makes one angle like 


the 
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the letter V, ſometimes it appears like the arch 
of a circle. But the moſt formidable and deſtruc. 
tive form which lightning is ever known to aſſume, 
is that of balls of fire. The motion of theſe is very 
often eaſily perceptible to the eye, but wherever 
they fall, much miſchief is the reſult of their ex. 
ploſion. The next to this, in it's deſtructive effects, 
is the zig-zag kind; for that ſpecies, whoſe flaſhes 
are indiftinct, and. whoſe form cannot be eaſily 
obſerved, is ſeldom known to do much hurt. You 
may conſider the colour of lightning as an indica- 
tion of it's power to do miſchief, the paleſt and 
brighteſt flaſhes being moſt deſtructive. 

There ſeems to be a kind of omnipreſent property 
in the ziz-zag kind of lightning when near, If 
two perſons are ſtanding in a room, looking dif- 
ferent ways, and a loud clap of thunder happens, 
accompanied with the ziz-zag lightning, they will 
both diſtinctly ſee the flaſn, not only by that in- 
diſtinct kind of illumination of the atmoſphere, 
which is occaſioned by fire of any kind, but the 
very form of the lightning itſelf, and every angle 
it makes in it's courſe will be as diſtinctly percep- 
tible, as though they had looked directly at the 
cloud from whence it proceeded. If a perſon was 
at that time to be looking on a book, or other ob- 
2 which he held in his hand, he would diſtinctly 
ee the form of the lightning between him and 
the object. This property ſeems peculiar to light- 
ning. 
> The effects of lightning are generally confined 
within a ſmall ſpace ; and are ſeldom ſimilar to 
thoſe which accompany exploſions of gunpowder, 
or of inflammable air in mines. Inſtances of this 
kind, however, have occurred; the following is 
one of the moſt remarkable of which we have any 
diſtin& account : © Auguſt 2, 1763, about fix in 
the evening, there aroſe at Anderlight, about a 
| league 
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jeague from Bruſfels, a conflict of ſeveral winds 
borne upon a thick fog. This conflict laſted four 
or five minutes, and was attended with a frightful 
hiſſing noiſe, which could be compared to nothing 
but the yellings of an infinite number of wild beaſts. 
The clould then opening, diſcovered a kind. of 
very bright lightning, and in an inſtant the roofs 
of one ſide of the houſes were carried off and diſ- 
erſed at a diſtance; above 1000 large trees were 
broke off, ſome near the ground, others near the 
top, ſome torn up by Ihe roots ; and many both of 
the branches and tops carried to the diſtance of 
60, 100, or 120 paces; whole coppices were laid 
on one fide, - as corn is by ordinary winds. The 
glaſs of the windows which were moſt expoſed was 
ſhivered to pieces. A tent in a gentleman's gar- 
den was carried to the diſtance of 4000 paces; and 
a branch torn from a large tree, ſtruck' a girl in. 
the forehead as ſhe was coming into town, at the 
diſtance of 40 paces from the trunk of the tree, 
and killed her on the ſport.” | DEE. 
Thunder- ſtorms will ſometimes produce moſt; 
violent whirlwinds, ſuch as are by ſome philo- 
ſophers attributed to electricity; nay, even occa- 
tion an agitation of the waters of the ocean itſelf; 
and all this too after the thunder and lightning 
has ceaſed, Of this we have the following in- 
ſtances. © Great Malvern, October 16, 1761. On 
Wedneſday laſt we had the moſt violent thunder 
ever known in the memory of man. At a quarter 
paſt four in the afternoon, they were ſurpriſed with 
a moſt ſhocking and diſmal noiſe ; 100 forges 
all at work at once, could ſcarce equal it. 
Upon the ſide of the hill about 400 yards to the 
ſouth-weſt, there appeared a prodigious ſmoke, 
attended with the ſame violent noiſe; as if a vol- 
cano had burſt out of the hill ; it ſoon deſcended, 
and paſſed on within about 100 yards of the ſouth 
W BB end 
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end of the houſe; it ſeemed to riſe again in the 
meadow juſt helow it, and continued it's progreſs 
to the eaſt, riſing in the ſame manner for four dif. 
ferent times, attended with the ſame difmal noiſe 
as at firſt ; the air being filled with a nauſeous and 
ſulphureous ſmell ; it gradually decreafed till it was 
quite extinguiſhed in a turnip field, about a quar- 
ter of a mile below the houle ; the turnip leaves, 
with leaves of trees, dirt, ſticks, &c. filled the air, 
and flew higher than any of theſe hills. The thunder 
ceaſed before this happened, and the air ſoon af. 
terwards became calm and ſerene.” | 
Lightning is in the hands of nature, what elec. 
tricity is in our's ; the wonders we now Exhibit at 
leaſure are little imitations of thoſe great effects 
which frighten and alarm us, they ſeem to depend 
on the ſame mechaniſm ; the ſame properties, the 
zig-zag ſparks, their ſimilar action on conducting 
ſubſtances, the power of rending, inflaming, and 
diſperſing in every direction the - ſubſtances on 
which it acts with power, the giving polarity to 
ferruginous matter, &c, all concur to ſhew their 
identity. But independent of theſe ſimilarities, the 
thing is proved by the plaineſt and cleareſt evi- 
dence; when the atmoſphere is charged with thun- 
der clouds, we can by an electrical kite draw from 
it the matter of lightning, and with this matter 
perform every known electrical experiment. 
You have ſeen, that the electric powers never 
become ſenſible to us, except when they are ſe- 
;arated, and then chiefly in their paſſage from one 
3 to another in oppoſite directions; and hat 
an equal quantity of a diffcrent power muſt be con- 
dufed from the earth to the cloud to produce light- 
ning. There muſt be the ſame reciprocal exchange 
of powers to occaſion lightning from one cloud 
to another. | 
When two clouds, which are highly electrified 
withthe different powers, come near together, they 
| approach 
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approach with an increaſing force till they flaſh in 
exchanging powers. But as clouds are formed of 


diſtinct particles, and every particle has it's ſhare of ' 
both the electric powers, according to the equality or 


inequality of quantity of each power in each particle, 
it is more or leſs electrified; and on the various 
combinations of theſe powers, will ariſe the mode 
in which the clouds approach each other, and in 
which they exchange their different powers. 
When the electri fied particles are made ſo to 


approach each other, that their atmoſpheres are 


preſſed off together to a great diſtance from the 
cloud, they then act nearly the ſame as if the cloud 
was one continuous body; but after the flaſh, thoſe 
particles which have exchanged powers, and in 
which the two electricities are united, being no 
longer buoyed up by theſe agents, fall down in rain, 
hail, &c. | 

That theſe atmoſpheres are extended to a 
great diſtance from the cloud, appears from all ex- 
periments made both here and abroad; for in them 
it is plain, that an atmoſphere goes up from the 
K ri of the power which is contrary to that of the 
cloud, which would not take place if the atmo- 
ſphere of the cloud did not reach the earth 
When one of theſe highly electrified clouds 
approaches ſo near to the earth as to exchange powers 
with it, then is the damage done to thoſe things 
through which the exchange is made, which are ge- 

nerally thoſe bodies that riſe neareſt the cloud. 
Many are the obſervations which ſhew, that 
the atmoſphere of the clouds are condenſed at the 
time of their joining by a flaſh, and that the 
contrary electricity is then as it were drawn up 
from the earth. Thus in Mr. Ludolf's accounr, 
Phil. Tranſ. vol. 47, at every clap of thunder the 
electricity ſeemed extinct, and did not return till 
after the ſpace of about 30 ſeconds; the threads 
B b 2 "men 
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which by their divergence indicated the electri- 
city, approached each other ſuddenly, as if they 
had been puſhed together with force. The Abbe 
Nollet, and many others have obſerved ſimilar 
appearances. In an obſervation of Abbe Nollet, 
the clap of thunder put a ſtop for ſome time to 
the force of the electricity ; all this may be eaſily 
illuſtrated by our electrical apparatus. Bring two 
cork balls ſuſpended by linen threads from the end 
of a wire, within the atmoſphere of an electrified 
conductor, and they will be electrified with a power 
contrary to that which electrifies the conductor, 
receding from each other, but flying towards the 
conductor ; take a ſpark from the conductor, and 
they immediately collapſe, the electricity drawn 
into them from your body returning thereto. 
It often happens, as before obſerved, that 
clouds electrified with the contrary powers are 
driven together, and the particles coming into 
contact, the powers are exchanged without that 
violent flaſh which uſually accompanies a thunder 
ſtorm. In this caſe, the particles generally deſcend 
in heavy ſhowers of rain; but the exchange of 
powers is moſt complete in the middle of the 
united clouds, and 'the heavieſt part of the ſhower 
is generally from the middle of the cloud. 

In confirmation of this, I ſhall only mention 
one obſervation, though many might be produced; 
it was made by Mr. Eeles in October, 1760; the 
clouds were very diſtinct, and the ſhowers heavy. 
In three different clouds he found the ſhowers 
from the beginning electrified with the vitreous 
power; the ſhowers from the middle of each cloud 
ſhewed no ſignof electricity, and the end of each cloud 
was reſinouſly electri fied, the wind N. W. There was 
no appearance of electricity in the middle of the 
Mowers, becauſe the electric powers are there 
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united to each other in every drop; their: atmo- 
ſpheres and actions were therefore inſenſible. 

Rain, hail, and ſnow, often exhibit ſigns of 
being electrified, for the clouds are ſeldom ſo 
equally electrified with the different powers of 
electricity, as upon meeting to render them equal 
in each deſcending drop. In large flakes of ſnow, 
the electricity is often very evident; for when they 
come near a non-electric body, they are driven 
towards, and cling. about it like an electrified 
feather. 

It is not eaſy to form any idea of what ſome 
writers mean, by a negative cloud, or a negative 
ſtroke. Is it a mere inanity which knocks down 
ſteeples, 'rends trees, tears up the earth, and Kills 
men and cattle, &c.? Can that which is not, act? 

You ſaw by an experiment I lately exhibited 
to you, that if two electric plates (or two jars) be 
charged, and a communication be made from the 
vitreous ſide of one, to the reſinous ſide of the 
other ; no diſcharge will follow, unleſs a commu- 
nication is formed between the other two ſurfaces 
at the ſame time. 

Ihe natural electricity in the atmoſphere is 
frequently diſcharged in this manner: two clouds 
being electrified with oppoſite powers, the ſur- 
faces of the earth immediately under them are 
likewiſe electrified with powers contrary to thoſe 
in the clouds above them; and the moiſture of the 
earth forming a communication between the two 
contiguous charged ſurfaces, whenever the two 
clue 
of the clouds and ſurfaces on the earth oppoſed 
to them. If the earth ſhould be dry, and conſe- 
quently afford a reſiſtance to the union of the two 
electricities accumulated on or under it's ſurface, 
there will follow an exploſion in the earth as well 
as in the atmoſphere, which will produce concuſ- 
b 3 ſions 


meet, there will follow a diſcharge, both 
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ſions and other phenomena which have frequently 
been obſerved to happen in dry ſeaſons, particu- 
larly in thoſe climates which are the moſt liable 
to 1. of thunder and lightning. 5 
Ihe various caſes of lightning are too nume- 
rous to be here Set ls. and too, imperfectly 
known to be accurately explained. What I have 
{aid, will, I hope, give ſome general. notions of the 


method in which it operates, and lead you to a 


further inveſtigation of the ſubject. You may 
from 'thence alſo readily account for it's ſeem- 
ingly capricious. nature; ſometimes it will ſtrike 
trees, high houſes, &c. without touching cottages, 
men, or animals in the neighbourhood ; while in 
other inſtances, low houſes and cattle have been 
ſtruck, while high trees, ſteeples, &c. near them 
have eſcaped. | | 


All this is very eaſily accounted for, upon Mr. 


Eeles's theory of a double current, and the efforts 
in nature to reſtore the electrical fluid to a latent 
ſtate, whenever by any means the powers thereof 


have been ſeparated. Thus in great thunder. 


ſtorms, there is a portion of the earth under the 
cloud which is electrified thereby, with the con- 
trary cledtrizity; thoſe objects therefore, which 
form the moſt perfect conductors between the 


clouds and that portion of the earth, will moſt 


probably be ſtruck, as being the readieſt way by 
which the two oppoſite powers can unite, and re- 
ſtore the electrical equilibrium both in the cloud 
and the earth, one part of the flaſh a/cending 
from the earth, the other de/cending from the 
cloud. | | 
Let us ſuppoſe a cloud vitreoufly electrified, 
to be formed over a certain parts of the earth's ſur- 
face; the electric power of the cloud firſt ſepa- 
cates that of the atmoſphere, and while it is thus 
operating, the atmoſphere is refinoufly electrificd ; 


in 


in à little time the air becomes vitreouſly electri- 
fied, and then both it and the cloud act as one 
body. The ſurface of the earth then begins to be 
electrified, and the powers therein to be ſeparated, 
and a continual effort is made by the contrary 
electricities to unite between the earth and the 
cloud. If thoſe cauſes which firſt produced the 
electricity ſtill act, the power becomes incon- 
ceivably great, and the flaſhes in uniting will tear 
every thing to pieces that reſiſt their paſſage. | 
Mr. Read juſtly obſerves, that a portion of the- 
earth may be highly electrified, and yet we may 
be inſenſible thereof, becauſe we are involved 
therein; for where all things are equally involved 
in an electrical atmoſphere, there can be no viſible 
ſigns of the preſence of the electric matter. Thus 
if two or more perſons be electrified, while ſtand- 
ing on the /ame inſulation, they ſhew no ſigns to 
each other of being electrified.“ Whatever be a 
_ perſon's ſituation, whether in the houſe or open 
field, he is liable to be involved in an electric 
charge, whether it be ſtationary, or moving with 
the clouds. Mr. Read found himſelf ſo involved 
once in Hyde Park; the atmoſphere had a mena- 
cing appearance with a heavy black cloud at no 
great diſtance; on taking his pocket electrometer 
out of it's caſe, and holding it in his hand, it in- 
ſtantly diverged near one inch. It is not probable, 
that the reſtoration of the equilibrium, or returu- 

ing ſtroke, as it is often called, will hurt any one, 
unleſs they are in the direct path of the flaſh. 
I. have already obſerved, that it is probable 
chat the operations of the electrical matter are 
moſt univerſal and important in it's latent and 
united ſtate; and that whenever by ſeparation it 
becomes. viſible, there is then a general ſtreſs 
Bba throughout 


* Read, p. 6. Ibid, p. 68. 
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throughout the greater part of our ſyſtem, to re- 
ſtore the equilibrium; and that this ſtreſs is greater 
in proportion to the quantity ſeparated; that this 
ſeparation in many inſtances is ſpontancous; and 
that as. this fluid is univerſally diſſeminated, there 
is no occaſion to conſider the appearance of elec- 
tricity in vapour, &c. as the means whereby this 
fluid is conveyed to the clouds. 

From M. de Luc's obſervations, it would 
hence appear, that lightning often ariſes from ſud. 
den production of a great quantity of the electrical 
fluid, that which is then manifeſted, not being ap- 
Parent as electricity, but juſt before we perceive 
it's effects. This is further confirmed by his ob- 
ſervations when on mountains, where he had often 
opportunities of viewing theſe phenomena. Thus 
in a ſtorm on the Buet, (one of the Alps) while 
the air was perfectly tranſparent and dry, (the laſt 
circumſtance being determined by the hygrometer) 
clouds began to form in different parts; theſe, 
when thickened and united, embraced the ſum- 
mit of the Bue!, and ſupported themſelves againſt 
Mount Blanc, and the ſummits of the neighbour- 
ing mountains. Mr. de Luc and his companions 
were overwhelmed with rain; there was alſo a 
vaſt deal of lightning, which was often violent, 
and laſted for a conſiderable time. Mr. de Sauſ- 
ſure has. alſo given . inſtances e the clouds 
formed a conducting communication with the 
ground, and yet the PER continued without 
interruption. 

From theſe phenomena, air perfectly tranſpa- 
rent and dry, containing neither the vapours of 
which the cloud is formed, nor the electric fluid, 
but only the ingredients proper to give them birth; 
he infers, that by ſome unknown cauſe, clouds of 
a certain kind are formed ſpontaneouſly, and dur- 
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ing the progreſs of their formation, the electri- 
city is produced in great abundance, exploding 
every time it is thus formed; and that before this, 
the electric fluid no more exiſted in that ſtate, than 
the aerial fluids, which are diſengaged from gun- 
pov der, exiſted as ſuch before the gunpowder was 
exploded. I need ſcarce obſerve to you, how 
much Mr. Eeles's theory is confirmed by this ac- 
count of Mr. de Luc. 5 1 
You may gain ſome idea of the prodigious 
quantity of the electric fluid, that is ſometimes 
manifeſted, and paſſing between the clouds and the 
earth, by an inſtance or two with which we are 
furniſhed by Mr. de Luc. Thus a cloud was ob- 
ſerved at the top of the mountains of Turin: it 
was formed of a maſs, whoſe obſcurity rendered it 
terrific, producing in thoſe places, over which it 
was ſituated, night at noon day; this maſs was 
loughed as it were by lightning, which was ſoon 
after followed by a grumbling kind of thunder ; 
chere fell ſo prodigious a quantity of water and ice 
from this cloud, that the country was ravaged by 
the torrents, the hedges were beat down, and the 
ditches half filled with hail. Erfurt, a ſmall city 
in Germany, was ſtruck in one night in forty-two 
different places; ſeven perſons were killed, three 
houſes were ſet on fire, but quenched by the rain, 
which came down in torrents. Now where ſhall 
we find, on the vapour theory, known humidity in 
any ſtrata of tranſparent air, ſufficient to explain 
the formation of ſuch clouds, and the torrents of 
rain which was diſcharged from them ? 1 


e - 


Or CoxnpucTiNG Rops. 

We are now prepared to conſider the advan- 
tage of conducting rods. You know that the elec- 
*rical fluid is always impelled to thoſe places where 
an 
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an exchange of powers can be moſt eafily made, or 
where the union of the two powers is leaſt reſiſt- 
ed. If, then, there happens in any of the preced- 
ing inſtances to be a houſe furniſhed with a con- 
ducting rod, directly between that part of the 
cloud, and that part of the earth, where there is the 

eateſt effort for reſtoring the equilibrium, the 
conductor will be ſtruck, and will probably pre- 
vent the building from receiving any injury. If 
there be no conductor, the lightning will for the 
foregoing reaſons paſs at the ſame place, but the 
building will probably be damaged, becauſe the 
materials reſiſt the patlage of the electrical 
Powers. 


Or PorN TED AND KNOBBED Cox DVUcroks. 


A great diſpute has been carried on among 
electricians concerning the termination of con- 
ducting rods, for preſerving buildings from light- 
ning; ſome warmly contending that they ſhould 
be terminated by nos or balls ; others as ſtrenu- 
ouſly contending, that they ſhould be pointed. 
Ever ſince the identity of electricity and 

lightning has been proved, conductors of ſome 
kind have been generally allowed to be neceſſary 


for the ſafety of buildings in thunder ſtorms, as 
they afford a ready paſſage for the union of the con- 


trary electricities. Electricians ſeem to have forgot 
that neither lightning nor electricity ever ſtrike a 
body, merely for the ſake of the body, but becauſe 
that body is a means of reftoring the diſturbed 
equilibrium. 

When a quantity of electricity is excited by 
means of an electric machine, a body communicat- 
ing with the earth, will receive a ſtrong ſpark from 
the prime conductor ; it receives this ſpark, not be- 


caule it is capable of containing all the 2 
* 0 
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of the cylinder and conductor, but becauſe the na- 
tural ſituation of the fluid being diſturbed by the 
motion of the machine, the natural powers 
make an effort to reſtore the equilibrium. No 
ſooner, then, is a conducting body, communicating 
with the earth, preſented to the prime conductor, 
than the whole effort of the electricity is directed 
againſt that body; not merely becauſe it is a con- 
ductor, but becauſe it affords a place, by which the 
natural powers can more readily unite, and which 
they would do by other means, though that body were 
not to be preſented. That this is the caſe, we may 
eaſily ſee, by preſenting the ſame conducting ſub- 
ſtance. in an inſulated tate to the prime conductor 
of the machine, when we ſhall find only a ſmall 
ſpark will be produced. In like manner, when 
lightning ſtrikes a tree, a houſe, or a conducting 
rod, it is not becauſe theſe objects are high, but 
becauſe they are ſituated. in that place, where, from 
a variety, of cauſes, the impetus of the two powers 
can be leſſened by uniting with each other. | 

From hence you will perceive the fallacy of 
that kind of reaſoning, which is generally em- 
ployed, concerning the uſe of thunder rods. 

Becauſe a point preſented to an electrified 
body in our experiments, draws off the electricity 
in a filent manner, Dr. Franklin and his followers 
have concluded, that a pointed conductor will do 
the ſame thing to a thunder cloud, and thus pre- 
vent any kind of danger from a ſtroke of light- 
ning. | 

* for this very reaſon, Mr. Wilſon and his 
party have determined, that the uſe of pointed 
conductors is utterly unſafe; they juſtly conſider 
the Franklinian idea of exhauſting the clouds ef 
their, electricity, to be not leſs abſurd, than. it 
would be, to clear away an inundation with a ſho- 
rel, or exhauſt the atmoſphere with an air- pump. 

_ | They 
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1y an inſtant of time for the diſcharge, If a ſin- 
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They bring many inſtances, where a point will re. 
ceive a full ſtroke, and ' aſſert that it ſolicits a dif. 
charge, and that being often unable to conduct the 
whole electricity of the atmoſphere, it is impoſſi- 
ble for us to know whether the diſcharge they ſo- 
licit, may not be too great for our conductor to 
bear, and conſequently all the miſchiefs ariſin 

from thunder ſtorms may be expected, with this 
mortifying circumſtance, that this very conduc- 


tor hath probably ſolicited the fatal ſtroke. 


I IT muſt alſo further obſerve to you, that the 
Franklinians, granting them all they aſk; ſtill make 
their pointed conductors of too much conſequence; 

for it is now well known, that points have no in- 
fluence at all, unleſs they are immerged in the 
electrified atmoſphere. If a pointed body does 
not communicate with the earth, but the commu- 
nication 1s interrupted by a ſhort interval, it will 
receive a full ſpark. It will alſo receive a full 
fpark, if it be ſuddenly brought ſufficiently near a 
ſtrongly electrified body; this cafe applies ſtrong- 
ly againſt pointed conducting rods for ſhipping. 
It will alſo receive a full ſpark at a conſiderable 


diſtance, if ſurrounded with non-condudcting ſub- 


ſtances. The circumſtances, on which an 3 
depend, are too many to be here enumerated; 

general it may be ſaid that with reſpect to a aero 
it will depend on the /uddenne/s of the diſcharge, 
on the proximity of the cloud, on the velocity in it's 
motion, on the quantity of elefricity contained in 
it, and on the contrary eleflricity op oppeſed to it, 
If a ſmall cloud hangs ſuſpended under a 
large cloud loaded with electric matter, pointed 
conductors on a building underneath, will re- 
ceive the diſcharge by exploſion, in prefer- 
Ence to thoſe terminated by balls; the ſmall 
ctoud will form an interruption, which allows on- 
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; gle electric cloud is driven with conſiderahle velo- 


city near to a pointed conductor, the charge may 


be cauſed to explode upon it by the motion of the 
charged body. | 3 8 | 

A pointed conductor has not even the power 
of attrafing the lightning a few feet out of 
the direction it would chooſe itſelf: of this we 
have a moſt deciſive inſtance in what happened to 
the magazine at Purfleet, in Eſſex. That houſe 
was furniſhed with a conductor, raiſed above the 
higheſt part of the building ; nevertheleſs, a flaſh 
of lightning ſtruck an iron cramp in the cor- 
ner of the wall of the building, conſiderably 
lower than the top of the conductor, and only 
forty- ſix feet in a ſloping line diſtant from the 

ont. + 3 
5 The conductor, with all it's power of draw- 
ing off the electric matter, was neither able to pre- 
vent the flaſh, nor to turn it forty-fix feet out of 
it's way. The matter of fact is, the lightning was 
determined to enter the earth at the place where 
the Board-houſe ſtands, or near it; the conductor, 
fixed on the houſe, offered the eaſieſt communica- 
tion, but forty-ſix feet of air intervening between 

the point of the conductor and the place of the 
exploſion, the reſiſtance was leis through the blunt 
cramp of iron, and a few bricks moiſtened with 
the rain to the ſide of the metalline conductor, than 
through the forty-ſix feet of air to it's point, for 
the former was the way in which the lightning ac- 
tually paſſed. 

An objection to the uſe of conductors of either 
kind may be alſo drawn from the accident which 
happened to the poor houſe at Heckingham, 
Norfolk, which was ſtruck by lightning, though 
furniſhed with eight pointed conductors, and 


which, I am well aſſured from good authority, 


were uninterrupted, continuous, and at the time 
of 
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of the ſtroke perfedly connedted with the com. 
mon ſtock. Hence it is evident, that the eſact 
of conductors, in general, is too inconſiderable 
either to leſſen fear, or animate hope. 

The 7hunder houſe, fig. 3, pl. 2, as It is uſual. 
ly called, is the apparatus principally uſed to illuſ. 
trate the Franklinian method of preſerving houſes 
from damage by lightning. It conſiſts of a maho- 
gany board, ſhaped like the gable end of a houſe, 
It is fixed upright on an horizontal board as a ſtand; 
a ſquare hole is made in the gable board, into 
which is fitted, fo as to go in and out eaſily, 2 
ſquare piece of wood; a wire is fixed in the one 
diagonal of this board, and wires are alfo fixed ih 
the gable board, one from the upper part, the 
lower end of which comes to one corner of the 
ſquare hole ; the upper end of the other wire coin- 
cides with the oppoſite corner, and goes down to 
the bottom of the gable board. The upper wire 
has a brafs ball on the top; this may be occaſional- 
ly taken off, which leaves a point expoſed ; at the 
bottom of the lower wire there is a hook; connect 
the hook at the bottom with the outer coating of 
a jar, place the ſquare piece in the hole, fo that 
the metallic wire ſhall not coincide with the other 
two; when the jar is charged, bring the diſcharg- 
ing rod from the knob thereof to the ball of the 
houſe; an exploſion will enſue, and the ſquare 
piece be driven out te a good diſtance from the 
gable board. | 

Put the ſquare piece into the hole, in ſuch a 
manner, that the ends of the diagonal may not 
coincide with the ends of the wire of the gable 
board, then make the diſcharge as before, and the 
metallic circuit being now complete, the ſquare board 
will remain in 1t's place. 

Take off the ball, and the point will prevent 
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an exploſion, and it's accumulating therein in any 
ſufficient quantity to do any damage. | 

The prime conductor is ſuppoſed to repreſent 
a thunder cloud diſcharging it's contents on ſome 
metal projection at the top of a building; and 
this is conſidered as receiving no damage when 
the conductor 1s perfect ; but when the connection 
is imperfect, the fluid in paſſing from one part to 
the other, damages the building. 
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G 
LECTURE XLIX. 


On THE Narune OF ELECTRICITY, or Ava 
ELECTRICITY, Ec. 


many of the moſt intereſting and entertaining * 
eriments in this branch of natural philoſophy 
mall now endeavour to trace out it's connection 
with the great agents in the operations of nature, 
and thus lead you to form ſome idea of what elec- 
trĩcity is, and of it's uſe in the great ſyſtem of things. 
Whatever it may be, it is certain, and that without 
any exaggeration, that whether you look to the 


heaven above, or the earth beneath, you can ſcarce 


perceive any thing that is not acted upon, and in 


2 manner perfectly ſubjected to the operations of 


this wonderful fluid. 
That electricity i is zeal matter, and not a nere 


properly, is evident from a variety of circum- 


ſtances. When it paſſes between bodies, it divides 


the air, and puts 1t into thoſe undulations which 
give us the idea of ſound. It emits the rays of 
light in every direction, and thoſe rays are variouſly 
refrangible and colorific, as other light i is: and, if 
tight 1s acknowledged to be matter, it is contrary 
to reaſon and experience, to ſuppoſe that the thing 
whichemitsirſhould not likewiſe be material; neither 
are the other ſenſes unaffected at it's preſence: 

's ſmell is ſtrongly phoſphoreal or ſulphureous. 


| The ſenſe of Feeling is a witneſs of it's preſence, 


qt only from the ſparks which, when received 


om the conductor of a powerful machine, are 
pungent, 


A FTER pointing out to you the principal phe- 
nomena of electricity, and exhibiting to you 
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pungent, and will paſs through two or three per- 
ſons ſtanding on the ground, but alſo from the 
ſhock. A ſtream of eleAric matter has alſo evi- 
dently a /ubacid taſte. | 

In contemplating the ſyſtem of nature, you 
perceive three kinds of fluids of extreme ſubtilty, 
and very much reſembling one another ; theſe three 
are fire, light, and electricity. Their reſemblance 
is ſo great, that 1t is not ſurpriſing to find it the 
general conception of all uninformed minds, that 
they are ultimately the fame; on examining the 
evidence of their identity, you will find it to be 
exceeding ſtrong. | | 

If it be true, that natural effects are not to be 
aſcribed to many different means or agents, where 
one will ſuffice, theſe three ſhould be conſidered 
as different modifications or ſtates of the ſame fluſd.. 
Light or ſolar fire will urn in fuel, and act in 
ſolid matter with greater effect than the moſt vio- 
lent fire of a furnace. Common fire, like that of 
the ſun, will promote vegetation and ripen fruits. 
The elefrric fire will light a candle, and fire gun- 
powder, like the common fire; will afford a ſpec- 
trum of the 7 primordial colours in common with 
light; and will throw metals into fuſion with a 
violent ſcorching heat.* Let us leave generals, 
and deſcend more into particulars. ö 

Theſe three fluids all agree in one property, 
that of exciting heat in certain circumſtances, and 
not doing ſo in others. Ti | 

Fire, in the common acceptation of the word, 
always excites heat; but in it's latent ſtate, it lays 
aſide this property, and in vapour, for inſtance, is 
cold to the touch. | 

Light, when collected into a focus by a burning 
glaſs, i, e. when it's rays converge to a center, and di- 
verge or attempt to diverge from one, produces heat. 

Vol. IV. Cc Electricity, 

* Jones's Phyſiological Difquifitions, 
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Electricity, when it's force is concentrated 
and converged, produces heat, as I ſhall ſoon ſhew 


vou by it's effect on a thermometer. This does 


away the objection formerly made to thoſe, who 
aſſerted, that electricity was that elementary fire 
which pervaded all ſubſtances: the objection was, 
that though the electric matter emitted light, and 
Bad the appearance of fire, it wanted it's eſſentia 
characteriſtic of burning ; and where great quan- 
tities of the fluid were forced through fubſtances, 
they intinuated, that it might be occaſioned by 
the internal commotion excited among their ſmall 
particles. | | 

There is no occafion to dwelt upon rhe weak. 
neſs and fallacy of the objection, as it is complete. 


ly removed by many facts. 1. The effect of elec- 


tricity upon the thermometer. 2. By the experi- 


ment that was made at the Pantheon by Mr. Wil- 


fon, with the immenſe apparatus that was con. 
ſtructed for making experiments on the prefer. 
able utility of pointed or knobbed conductors, for 


preſerving buildings from lightning. The electric 


aura from this machine fired gunpowder in the 


moſt unfavourable circumſtances that can be ima- 


gined, namely, when it was drawn off by a ſharp 
point, in which caſe it has generally the leaſt force. 
Upon a ſtaif of baked wood, a ſtem of braſs was 
fixed, which terminated at the top in a wooden 

oint; this point was put into the end of a ſmall 
tube of Indian paper, made ſomewhat in form of 
a cartridge, about an inch and quarter long, and 
2 ths of an inch in diameter. When the cartridge 
was filled with common gunpowder unbruiſed, a 
wire communicating with the earth, was faſten- 
to the bottom of the braſs ſtem. The charge in 
the large conductor being kept up by the motion 
of the cylinder, the top of the cartridge was brought 


ncar to the conductor, ſo as even. frequently e 
| touc 
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touch the tin- foil with whieh it was covered. In 
this fituation a ſmall faint luminous ſtream was fre- 
quently obſerved between the top of the cartridge 
and the metal. Sometimes this ſtream would ſet 
fire to the gunpowder the moment it was applied; 
at others 4t would require half a minute or more, 
before it would take effect. The difference in time 
was ſuppoſed to atiſe from fome moiſture in the 
powder. Tinder was fired much more readily. 
It now appears clearly, that the electric fluid 
moving through bodies, either in ſmall quantities, 
or with rapidity, or in very great quantities, will 
produce heat, and ſet them on fire: it ſeems there- 
tore ſcarce diſputable, that this fluid is the ſame 
with the element of fire. (6 1 
Theſe are far from being the only inſtances of 
their identity, for fire is brought into action by 
friction, as well as electricity. Fire dilates all 
bodies ; the electric fluid has alſo a dilating power, 
which is evident from it's action on a thermome- 
ter, though, in general, the force with which bodies 
cohere together is greater than the dilating power 
of electricity. | | a 

Fire promotes and accelerates vegetation as 
well as germination. Electricity does the ſame. 

Electricity, as well as fire, accelerates eva- 
poration. 1 i. 

The experiments made by Mr. Achard on 
the eggs of a hen, and by others on the eggs of 
moths, prove that electricity, as well as heat, fa- 
vours the developement of thoſe animals. The 
electric fluid, in common with fire, will throw 
metals into fuſion. 

If ſubſtances, with equal degrees of heat, 
touch each other, the heat is diffuſed uniformly. 
between them. In the ſame manner, if two bodies 
with unequal degrees, or different kinds of elec- 
tricity, touch each other, an equilibrium will be 
eſtabliſhed. | | 
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If bodies of different kinds, and of equal de- 
grees of heat, are placed in a medium of a different 
temperature, they will all acquire, at the end of 
a certain time, the ſame degree of heat. There is 
a conſiderable difference, however, in the ſpace 
of time in which they acquire the temperature of 
the medium: ex. gr. metals take leſs time than 
glaſs, to acquire or loſe an equal degree of heat. 

On an attentive examination of the bodies 


which receive and loſe their heat fooneft, when 


they are placed in mediums of different tempera- 
ture, they will be found to be the ſame which re- 
ceive and loſe the electric figns fooneſt. Metals, 
which become warm or grow cool the quickeſt, are 
the ſubſtances in which the electric powers unite 
moſt readily. Wood, which requires more time 
to be heated or cooled, receives and loſes electri- 
city flower than metals. Laftly, glaſs and reſinous 
ſubſtances, which receive and tofe flowly the elec- 
tric fluid, acquire with difficulty the temperature 
of the medium which ſurrounds them. 

If one extremity of an iron rod be heated red- 
hot, the other extremity, though the bar is ſeveral 
feet long, will become ſo warm in a little time, 
that the hand cannot hold it ; becauſe the iron 
conducts fire readily; but a tube of glaſs, only a 
few inches long, may be held in the hand, even 
while the other end is melting. The electric fluid, 
in the ſame manner, paſſes with great velocity from 
one end of a rod of iron to the other; but it is a 
conſiderable time before a tube of glaſs, at one 
end of which an excited elcaric is held, will give 
electric ſigns at the other. 


Theſe obſervations prove, that ſeveral bodies 


that receive and loſe with difficulty their actual 

degree of heat, receive and loſe alſo with difficulty 

their electricity. 5 

- The electric powers may be put in action by heat 

ara cold, Mr. Canton procured ſome thin . 
balls, 
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balls, of about an inch and a half diameter, with 


ſtems or tubes about eight or nine inches in length, 


and electrified them, ſome vitreouſly on the inſide, 


others reſinouſſy, and then ſealed them hermeti- 
cally; ſoon after he applied the naked balls to his 
electrometer, and could not obſerve the leaſt ſign 


of their being electrical: but holding them at the 
fire, at the diftance of five or fix inches, they be- 
came ſtrongly electrical in a ſhort time, and more 


ſo when they were cooling. Theſe balls would, 


every time they were heated, give the electric 


power to, or take it from other bodies, according 


to the vitreous or reſinous ſtate of it within them. 


Heating them frequently diminiſhed their power, 
but keeping one of them under water a week did 


not in the leaſt impair it. The balls retained 


their virtue above ſix years. 


The tourmalin and many other precious ſtones 
are alſo known to acquire electricity by heat. The 


tourmalin has always at the ſame time a vitreous 
and reſinous electricity; one ſide of it being in one 
ſtate, the other in the oppoſite. Sometimes one 
ſide will at the ſame time poſſeſs both electricities. 
Theſe powers may be excited by friction and by 
heat; nay, even by plunging it in boiling water. 
Many inſtances prove, that electricity i is pro- 
duced by liquiſaction. Thus where chocolate is ma- 
nufactured in large quantities, a vivid light is fre- 
quently ſeen Aathing upon it's ſurface atter melt- 


ing, and it will alſo attract light ſubſtances, ſepa- 


rate pith balls, &c. When it had loſt this proper- 


ty, Mr. Henly found it might be reſtored by melting 


it together with a ſmall quantity of olive-oil. If 
ſulphur be meited in a glaſs veſſel, and taken out 
when cool, both it and the glaſs will be found 
ſtrongly electrified. 

1 have already Gang you, that electricity is 


Produced by the $a ale is of water ; I ſhall now 
LEY relate 
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relate Mr. Read's * mode of performing this ex- 
periment. He in/ulates a large hollow tin cone, con- 
taining about four ſheets of tin plates, with many 
yards. of ſmall wires coiled up within it; one end 
of the wire is extended from the cone, to a very 
ſenſible electrometer. The cone and wire collect 
and condenſe the aſcending electri fied vapour, as 
it quits the zſulated veſſel, containing the fluid. 
The electrometer connected with the cone, is vi- 
treouſly electri fied; that connected with the veſſel 
from whence the vapour aroſe, is in a reſinous 
ſtate. | WY 

Mr. Read has alſo, by burning different ſub- 
ſtances. in inſulated veſſels, under his tin cone, 
ſhewn, that bodies, in paſſing from. a. ſolid to a fluid 
fate, produce the two electricities: the quantity 
obſerved, is in general very ſmall, on. account of 


city. 
Action of ELAC TRICITY ON. A THERMOMETER. 


Inſulate a ſenſible mercurial thermometer, and 
place the bulb between two balls of wood, one af- 
fixed to the conductor, the other communicating 
with the ground, and the electric fluid, in. paſſing 
between the two balls, w2l/ rai/e the mercury. in the 
thermometer conſiderably, With a cylinder of about 
ſeven inches and a half in diameter, the fluid paſ- 
ſing from a ball of lignum vitæ to a ball of bole, 
and thence to the ground, elevated the quickſilver 
in the thermometer, from 68“ to 110®, repeatedly 
ro 105% The thermometer was raiſed from 68 to 
85%, by the fluid paſſing from a point of box to a 
point of lignum vitz ; from 67“ to 1009, from a 
point of box to a ball of box; from 66 to 3 
Eo = | 5 


5 Read's Summary View of Spontaneous Electricity, &. 


the intimate affinity between flame and eledtri- 
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from a ball of box to a braſs point; from 69“ to 
100, from ball to ball; the bulb of the thermo- 
meter being. covered. with flannel. 

« 1f then theſe fluids, fire, light, and eletFri 
city, which thus mutually, and in all reſpects, aſ- 
fume each other's properties, are nol the ſame ; expe- 
riment is a thing not to be depended upon, and the 
moſt abvious rules of philoſophifing, adopted and ap- 
proved by all parties, are no better hen Specious de- 
ception$,”? 

More indeed need not be ſaid. to any obſerver 
of nature; bur it is neceſſary to accumulate proof, 
in order to leſſen the prejudices of modern philo- 
ſophers, who have altogether neglected to ſtudy: 
and trace the great agents of nature. For theſe 
it may be neceſſary ro point out other links, in 
which they may ſee the connection between fire, 

light, and: electricity. | 

Thus as heat is diminiſhed, or bodies are cool- 
ed, electricity ſucceeds in it's place. All electric 
bodies, by heat, are rendered conductors, and can 
no longer be excited; but as ſoon as the heat is re- 
moved, their electric property returns. 

Water is a conducting ſubſtance; by being 
frozen, it's conducting powers are leſſened; when 
cooled down to twenty degrees below o of Fahren- 
heit's ſcale, it becomes an 1 alefrie, and will emit 
ſparks by friction, like glaſs. The atmoſphere is a 
natural electric; but by a certain degree of heat, 
it loſes in a degree this property, and becomes a 
conductor ; nor 1s there any doubt that it's electric 


properties are increaſed in proportion to the de- 


gree of cold imparted to jt. 


Mr. AÆpinus mentions ſome facts in a letter to 


Dr. Guthrie, which will illuſtrate this ſubject ; 


they relate to phenomena that are known to take 
place in Ruſſia, when a great cold has continued for 


leveral weeks. Mr, Æpinus was ſent for, to ſee 
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an uncommon phenomenon. On going into the 
apartment of Prince Orloff, he found him at his 
toilet, and that, at every time his valet drew his 
comb through his hair, a pretty ſtrong crackling 
noiſe was heard; and on darkening the room, the 
ſparks were ſeen following the comb in great abun- 
dance, while the Prince was ſo completely elec. 
tri fied, that ſtrong ſparks could be drawn from his 
hands and face; nay, he was even electrified, when 
he was only powdered with a puff. 
A few days after, Mr. /Epinus was witneſs to 
a more ſtriking effect of the electric ſtate of a 
Ruſſian atmoſphere. The great Duke of Ruſſia 
ſent for him one evening in the twilight, and told 
him, that having briſkly drawn a flannel cover off 
a green damaſk chair in his bed-chamber, he was 
aſtoniſhed at the appearance of a ſtrong bright 
flame that followed, but conſidering it as an elec- 
trical appearance, he had tried to produce a ſimi- 
lar illumination on different pieces of furniture, 
and could then ſhew him a beautiful and ſurpriſ- 
ing experiment. His Highneſs threw himſelf on 
his bed, which was covered with a damaſk quilt, 
laced with gold, and rubbing it with his hands in 
all directions, the young prince, who had then 
reached his twelfth year, appeared to be ſwim- 
ming in fire, as at every ſtroke flames aroſe all 


around him, darted to- the gold lace border, ran 


along it, and up to that of the bed, even to the 
very top. | 1 | 

While his Highneſs was ſhewing this experi- 
ment, Prince Orloff came into the room, with a 
fable muff in his hand, and ſhewed us, that by on- 
ly whirling it five or ſix times round his head in 
the air, he could electrify himſelf fo ſtrongly, as 


- 


to ſend out ſparks from all the uncovered parts of 


his body. The inlaid floors had become ſo dry, as 
to form a complete inſulation. n 


. 
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In the winter time, therefore, we muſt conſi- 
der the frozen ſurface of the earth, the water, and 
atmoſphere, as forming one electrical machine of 
enormous magnitude, for the natural cold of thoſe 
countries is often cold enough to cool water to 
more than 20 degrees below o, and thus render it 
an electric. That ſomething of this kind is real, 
appears from the exceſſive bright aurora borealis, 
and other electric appearances far exceeding any 
thing in this country. In the ſummer time theſe 
appearances are not remarkable, but an exceſſive 
heat prevails from the long continuance of the 
ſun above the horizon. The quantity of heat in 
ſummer being ſucceeded by a proportionable quantity 
of elefricity in winter, one can ſcarce avoid con- 
cluding, that the heat in ſummer, or diſengaged 
fire, becomes electric fluid in winter, which going 
off through the celeſtial expanſe returns again 10 the 
grand ſource of light and heat, thus making room for 
the ſucceeding quantities which are to enliven the 
earth during the following ſeaſon. 

If the identity of light, fire, and electricity, 
be admitted, the ſource from whence the electric 
fluid is derived into the earth and atmoſphere is 
very evident; it can be no other than the /ur, 
or ſource of light. The vaſt quantity of light con- 
tinually proceeding from the ſun to the carth, muſt 
in a great meaſure be abſorbed thereby ; but from 
other operations in nature, it is prevented from re- 
maining there; it is therefore in continual circula- 
tion, to make room for the new quantities conti- 
nually coming from the ſun. It muſt however be 
obſerved, that as this fluid is variouſly combined, it 
cannot appear in it's natural form of fire or light, 
till it is diſengaged, and capable of receiving a mo- 
tion ſimilar to what ib had when proceeding from 
the ſun. 

This change of matter into a different _ 
| 55 Wit. 
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with the ſubſequent regeneration of it into it's pri- 
mitive form, is, ſays Mr. Jones, one of the great 
ſecrets of nature, whereby the world is kept from 
decaying either with reſpect to it's matter or it's 
motion. By means of a circulation in matter, the 
laſting motions of nature are maintained, and it's 
ſtores unexhauſted.* 

The experiments that I ſhall now lay before 
you, do in the ſtrongeſt manner prove the identity of 
the electric fluid and light, and that both are tranſmit- 
ted through electric as well as other ſubſtances; and 
that it is on the motion of this fluid, that tranſpa- 
rency depends; that when this medium is at reſt, 
the body is opake; when ſet in motion, it be- 
comes tranſparent. 


Luminous EXPERIMENTS. 


To render an ivory ball luminous. Take a ſtrong 
ſpark through the center of the ball, and i will be 
illuminated throughout. 

To obtain a crimſon coloured ſpark, Take a 
ſpark through a ball of box-wood, and it will ap- 
pear of a beautiful crimſon, or rather a fine ſcarlet 
colour; or the ſhock may be paſſed through pieces 
of wood of different thickneſſes and denſity, which 
will afford a very ample field for obſervation and 
experiment. 

To make a bottle of walter luminous. Connect 
one end of a chain with the outſide of a charged 
Jar, let the other end lie on the table, place the end 
of another piece of chain at about one quarter of 
an inch diſtance from the former, then ſet a de- 


canter of water on theſe ſeparated ends, and, on 


making the diſcharge through the chain, the wa- 
ter will appear perfectly and Weautifally lumi- 


Nous. 
| 1 here 
* See Jones's Phybological Diſquiſitions, p. 51. 
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There is ſcarce any ſulſtance, fluid or ſolid, but 
what may be rendered luminous, by paſſing the elec- 
tric fluid through it, and thereby ſeparating the elec- 
tric powers inherent in the body. In water, ſpirit, 
oil, animal fluids of all kinds, the diſcharge of a 
Leyden phial, of almoſt any fize, will appear very 
ſplendid, provided you take care to place them in 
the circuit, ſo that the fluid may not paſs through 
too great a quantity of them. | 

To perform this, place the fluid, on which the 
experiment is to be made, in a tube three quar- 
ters of an inch in diameter, and four inches long ; 
ſtop up the orifices of the tube with two corks, 
through which puſh two pointed wires, ſo that the 
points may approach within one-eighth of an inch 
to each other; the fluid, in paſling through the in- 
terval which ſeparates the wires, is always lumi- 


nous, if a force be uſed ſufficiently ſtrong ; the 


glaſs tube, if not very thick, always breaks when 
this experiment ſucceeds. To make the paſſage of 
the fluid luminous in the acids, they muſt be placed 
in capillary tubes, and two wires introduced, as in 
the preceding experiment, whoſe points ſhall be 
very near each other. It is a well-known fact, 
that the diſcharge of a ſmall Leyden phial, in paſ- 
ſing over a ſtrip of gold, ſilver, or Dutch metal 
leaf, will appear very luminous. By conveying 
the contents of a jar, meaſuring two gallons, over 
a ſtrip of gold leaf, one-eighth of an inch in dia- 
meter, and a yard long, it will frequeatly give the 
whole a dazzling brightneſs. You may give this 
experiment a curious diveriity, by laying the gold 
or ſilver leaf on a piece of glaſs, and then placing 
the glaſs in water; for the whole gold leaf will ap- 
pear moſt brilliantly luminous in the water, by ex- 
poling it, thus circumſtanced, to the exploſion of 
a battery. 
; | The 
* See Mr. Morgan's Paper, Phil. Tran. | 
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The difficulty of making any quaniity of the 
elefrical fluid luminous in any body, increaſes as the 
conducting power of that body increaſes; becauſe 
the two powers unite ſooner in proportion to the 
conducting power, and conſequently all electric 
ſigns vaniſh. | | 

In order to make the contents of a jar Iumi. 
nous in boiling water, a much higher charge is ne- 
ceſſary, than would be ſufficient to make it lumi- 
nous in cold water, which is univerſally allowed to 
be the worſt conductor. 

There are various reaſons for believing the 
acids to be very good conductors; if, therefore, 
into a tube filled with water, and circumſtanced 
as has been already defcribed, a few drops of either 
of the mineral acids are poured, it will be almoſt 
impoſſible to make the fluid luminous in it's paſſage 
through the tube, as the two powers unite imme- 
diately. | | 

The eaſe with which the electrical fluid is ren- 
dered luminous in any particular body, is increaſed 
by increaſing the rarity of the body. The appearance 
of a ſpark, or of the difcharge of a Leyden phial, 
in rarified air, is wel! known. But we need not 
reſt the truth of the preceding obſervation on the 
ſeveral varieties of this fact; ſimilar phenomena 
attend the rarifaction of ether, of ſpirits of wine, 
and of water. 

Spark in rarified water, ſpirits of wine, ether, 
ard acids, Into the orifice of a tube, 48 inches 
long, and two-thirds of an inch in diameter, Mr. 
Morgan cemented an iron ball, ſo as to bear the 
weight which preſſes upon it when the tube is filled 
with quickillver, leaving only an interval at the open 


end, which contains a few drops of water. Having 


inverted the tube, and plunged the open end of it 
into a baſon of mercury, the mercury in the tube 
ſtood nearly half an inch lower than it did in a ba- 

25 | 1 1 rometer 
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rometer at the ſame inſtant, owing to the vapour 
which was formed by the water. But through this 
rarified water, the electrical ſpark paſſed as tumi- 
nouſly as it does through air equally rarified. 

If, inſtead of water, a few drops of ſpirits of 
wine are placed on the ſurface of the mercury, phe- 
nomena, ſimilar to thoſe of the preceding experi- 
ment, will be diſcovered, with this difference on- 
| ly, that as the vapour in this cafe is more denſe, 

the electrical ſpark, in it's paſſage through it, is 
not quite ſo luminous as it is in the vapour of water. 

Good ether, ſubſtituted in the room of the 
ſpirits of wine, will preſs the mercury down ſo 
low as the height of 16 or 17 inches. The clec- 
trical fluid, in paſſing through this vapour, (unleſs 
the force be very great indeed,) is ſcarcely lumi- 
nous; but if the preſſure on the ſurface of the mer- 
cury in the bafon, be gradually leſſened by the aid 
of an air-pump, the vapour will become more and 
more rare, and the electric ſpark, in paſſing through 
it, more and more luminous. 

The brilliancy and ſplendor of the electric ſpark 
is always increaſed when it is compreſſed intoa ſmaller 
compaſs. That is, a ſpark, or the diſcharge of a battery, 
which we might ſuppoſe equal to a ſphere one quar- 
ter of an inch in diameter, will appear much 
more brilliant, if the ſame quantity of fluid is 
compreſſed into a ſphere one-eighth of an inch 
in diameter. This obſervation is the obvious 
conſequence of many Known facts; if the ma- 
chine be large enough to afford a ſpark, whoſe 
length is nine or ten inches, this ſpark may be ſeen 
ſometimes forming itfelf into a bruſh, in which 
ſtate it occupies more room, but appears very faint- 
ly luminous; at other times, the ſame ſpark may 
be ſeendividingitſelf into a variety of ramifications, 
which ſhoot into the ſurrounding air. In this caſe, 
likewife, the fluid ts diffuſed over a large ſurface, 


and in proportion to the diffuſion, fo is the faint- 
I | neſs 
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neſs of the appearance. A ſpark, which in the open 
air cannot exceed one quarter of an inch in diame- 
ter, will appear to fill the whole of an exhauſted re- 
ceiver, four inches wide and eight inches long : but 
in the former caſe it is brilliant, and in the latter it 

os fainter and fainter, as the ſize of the receiver 
increaſes. This obſervation is further proved by 
the following experiments. 

Introduce two pointed wires into the vacuum, 
ſo that the fluid may eaſily paſs from the point of 
the one, to the point of the other; when the diſ- 
tance between them is not more than the one tenth 


of an inch, in this caſe we ſhall find a brilliancy as 


great as in the open air. 

Into a Torricellian vacuum, 36 inches long, 
convey as much air as will fill two inches only of 
the exhauſted tube if it were inverted in water; 
this quantity of air will afford reſiſtance enough to 


condenſe the fluid as it paſſes through the tube into 


a ſpark, 38 inches in length. The brilliancy of 
the ſpark in condenſed air, in water, and in all ſub- 
ſtances through which it paſſes with difficulty, de- 
pends on principles ſimilar to thoſe which account 
for the preceding facts. 

In the appearances of electricity, as well 


as in thoſe of burning bodies, there are cafes in 


which all the rays of light do not eſcape; and the 
moſt refrangible rays are thoſe which eſcape firſt or 
moſt eaſily. The electrical bruſh is always of a purple 
or bluiſh hue. If you convey a ſpark through a Tor- 
ricellian vacuum, made without boiling the mercury 
in the tube, the bruſh will diſplay the indigo rays. 
To an inſulated metallic ball, four inches in 
diameter, fix a wire a foot and a half long; this 
wire ſhould terminate in four ramifications, each of 
which muſt be fixed to a metallic ball half an inch 
in diameter, and placed at an equal diſtance from 
a metallic plate, which muſt be communicated by 
| metallic 
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metallic conductors with the ground. A powerful | 


ſpark, after falling on the large ball at one extre- 
mity of the wire, will be divided in it's paſſage 
from the four ſmall balls to the metallic plate. 


When you examine the diviſion of the fluid in a 


dark room, you will diſcover ſome little ramifica- 
tions, which will yield the indigo rays only: indeed 
at the edges of all weak ſparks, the ſame purple ap- 
pearance may be diſcovered. You may likewiſe 
obſerve, that the nearer you approach the center of 
the ſpark, the greater is the brilliancy of it's co- 
lour. 


* 


The influence of different media on elefrical 
light, is analogous to their influence on ſolar 


light, and will help us to account for ſome very 


ſingular appearances. 

Let a pointed wire, having a metallic ball fix- 
ed to one end of it's extremities, be forced obli- 
quely into a piece of wood, ſo as to make a {mall 
angle with the ſurface of the wood, and to make the 
point lie about one eighth of an inch below the 
ſurface. Let #nother pointed wire, which commu- 
nicates with the ground, be, forced in the fame 
manner into the ſame wood, ſo that it's point ike= 
wiſe may lie about one-eighth of an inch below the 
ſurface, and about two inches diſtant from the 
point of the firſt wire. Let the wood be inſulated, 
and a ſtrong ſpark, which ſtrikes on the metallic 
ball, will force it's paſſage through the interval of 
wood which lies between the points, and appear as 
red as blood. To prove that this appearance de- 


pends on the wood's abſorption of all the rays but 


the red; when theſe points were deepeſt below the 
ſurface, the red only came to the eye through a 
priſm ; when they were raiſed a little nearer. the 
ſurface, the red and orange appeared; when nearer 


Rill, the ye/lpw; and fo on, till, by making the 
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ſpark paſs through the wood very near it's ſurface, 
all the rays were at length able to reach the eye. 

« Previous to the diſcoveries that have been 
made in modern times, relative to the chemical ef. 
fects of ligbt, ſome mathematical philoſophers diſpu- 
ted it's exiſtence as a particular fluid, and even that 
of fire itſelf; they crudely imagined, that the phe. 
nomena of light and heat were only particular mo- 
difications of the ſubſtances, in which they ap. 
peared; a kind of vibration of their particles, tranſ- 
mitted by means of a medium, as in the caſe of 
founds.” 

They applied the mathematics to this hypo- 
theſis, in order to explain ſome particular pheno- 
mena; and as every thing that appears to be de- 
duced from mathematical theorems, eaſily ſeduces 
thoſe who do not apply themſelves to examine data, 
this theory, which effectually barred the road to the 
moſt important phyſical reſearches, met with many 
partizans: but chemiftiry and meteorology have now 
come 1n to terminate the controverſy ; and there 
are at preſent very few philoſophers who do not 
agree, that /ucidity and heat are the effects of two 
fluids, namely, light and fire, which produce thoſe 
particular phenomena whenever they are at liberty; 
but which at the ſame time may be ſo combined 
with other ſubſtances, as to lie hidden in them 
without producing theſe effects, till again ſet at li- 
berty. 57 an attention to theſe great agents, the 
ſtudy of nature has proceeded with rapidity, and 
the preſent æra will probably on this account be 
as much celebrated in the hiſtory of fcience, as 
thoſe in which Paſcal demonſtrated the preſſure of 
the air on bodies, and in which Newton difcover- 
ed the principle of gravity.” 

* Our progreſs in the knowledge of the origin 
of bodies, has been much advanced in this age, ſince 
chemiſts and philoſophers have begun to 1 

| thelr 
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their volatile products, in other words, the elaſtic 
fuids but this would have been doing but little, 
had not the advances in other branches of natural 
knowledge led them to diſcover, that the pheno- 
menon of hea? proceeded from a particular /- 
fance ſuſceptible of chemical affinities, namely, fire, 
the immediate cauſe of heat. Here then is a /ub- 
fance of the higheſt importance in the compoſition 
of bodies, which nevertheleſs eſcaped the attention 
of philoſophers, while they only eſtimated and ex- 
preſſed the amount of their products by their 
weights. Is it poſſible for any one to ſuppoſe, that 
we have hereby diſcovered all the im ponderable ſub- 
ſtances that enter into the compoſition of natural 
bodies & | 

Ought we to neglect the phenomena of /uci- 
dity, while every thing announces to us that /ight is 
a chemical ſubſtance ? This negle&is ſcarcely now 
to be apprehended, as philoſophers are aware that 
great chemical effects may be produced by impon- 
derable ſubſtances. The phoſphoric phenomena of 
certain mineral ſubſtances indicate clearly that 
light enters as an ingredient in their compoſition. 
Wilſon and Beccaria have ſhewn, that every ſub- 
ſtance in nature is more or leſs phoſphorical ; and 
you have juſt ſeen, that there is ſcarce any ſubſtance 
but what you may render luminous by ſeparating 
it's electric powers. | | 

The relation of theſe two imponderable ſub- 
fances, whoſe exiſtence is now eſtabliſhed beyond a 
doubt, is ſuch as in many other inſtances is found to 
ſubſiſt between ſuch ſubſtances as enter into the 
compoſition the one of the other. Ligbt frequently 
does not ſenſibly act otherwiſe than as the cauſe of 
lucidity, or of luminous phenomena; and fire in the 
ſame manner, only as the cauſe of heat: but at 
other times fire, in producing heat, produces alſo 
in the end it's /uminous effects; and in ſome cir- 
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cumſtances light, in making vibe the objects, by 
it's reflection contributes to produce heat. Theſe 
phenomena clearly indicate, that one of theſe ſub- 
ſtances contains the other, but that under certain 
eircumſtances it may be fo decompoſed, as to 
permit either of them to exercife it's own pe. 
culiar properties. | | 
The moſt excellent Boerhaave, in his analy. 
fis of fire, has ſo clearly eſtabliſhed the univerſa- 
lity and importance of this element, and fo ſtrip. 
LE it of the myſtic dreſs, in which it was enve. 
oped before his time, that one would have ima- 
gined it ſcarce poſſible for philoſophers to have re- 
folved ſo many of it's ſubtil effects to occult or fan- 
ciful properties; yet that ſuch has been the caſe, is 
evident from the ſlighteſt inſpection of modern 
theories. Again, though the moſt obvious pheno- 
mena in nature, and numerous experiments, tend 
to aſcertain beyond all doubt, that the matter of 
common light or fire pervades all nature, and fills 
all things; yet, as I have before obſerved, the 
whole has been overlooked as an accidental filtra- 
tion that implied no confequences, nor interfered 
with the various unintelligible pzoperties of bo- 
dies, notwithſtanding it's acceſs to their innermoſt 
penetralia. | | 
| It is evident, that the natural omnipotence of 
light depends on the /n, by him, in a natural 
ſenſe, the matter of fire, as his iſſue, is omnipre- 
ſent, and all-ſufhcient. If the life of all things 
depends on the activity he communicates to them, 
is it not probable that it is the influence of the ſo- 
lar fluid, that generates and maintains that life, in 
all it's ſpecific characters, in every being accord- 
ing to it's kind? And that life, whether it be ve- 


getable or animal, is ſuch as it is according to the 


ſtate of the fire in it; and that every dead thing 1s 


only fo, becauſe it's fire is quenched ? The an- 
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cient philoſophers affirmed, that the light of the 
ſun, which gave life and motion to all things, muſt 
be in all things; they therefore conceived all 
things to be replete with this fluid. | 

Is it not highly probable, then,“ that this ter- 
raqueous globe is only an accumulation of mate- 
rials introduced into the boundleſs ocean of ſolar 
fluid for a theatre on which, under the direction 
and guidance of ALMIcuTy Gop, it may diſplay 
it's inexhauſtible energy and powers; the terreſ- 
trial maſs being ſo diſpoſed and arranged by it's 
Divine AuTHoR, as to become a ſeminal bed of 
materials, where light and fire may pierce, animate, 
and diſplay an endleſs variety and ſucceſſion of be- 
ings? This fluid extricates all the forms, and ge- 
nerates all the powers of nature, out of the mate- 
rials provided for it to poſſeſs. 

It is impoſſible to form any clear or diſtinct 
idea of the agency of the ſolar fluid in the air, in 
animals, in vegetables, &c. without conſidering it 
firſt more in general; nor can you properly have a 
view of the univerſal agency of the element pro- 
ductive of fire, light, and electricity, and it's impor- 
tance to the animal frame, unleſs you take an en- 
larged proſpect of it's action. Beſides, knowledge 
often makes more rapid advances, by reaſoning up- 
on known facts, than by diſcovering new ones, 
which by their novelty too often lead ro haſty un- 
digeſted theories. In the diſquifition upon theſe 
fluids, I have always an eye upon the doctrine of 
electricity; and the preceding as well as following 
experiments all concur in ſhewing the analogy 
that runs through nature ; and you will find that 
electricity, though not in name, has been the doc- 
trine of all ages. I ſhall therefore continue to 


freat of theſe wonderful fluids. Of all that are 
Dd2 known 


See Vol. 2, Lect. xxi. p. 462, 
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known in the univerſe, the mobility of the 
matter of light is the greateſt. There is not 
the ſmalleſt ſpeck of colour in the beams of 


the ſun, that docs not obediently receive perpe- 


tval impreſſions from him in all lineal direc- 
tions, by night as well as by day. The /u», as the 
fountain of motion, is alſo continually agitating 
this fluid either radially, or obliquely, by the late. 
ral ſhocks and friction of. the radii upon thoſe 
parts of the fluid that lie out of the line of the 
ſun's irradiation; theſe, together with the conſtant 
viciſſitudes of day and night, preſerve a conſtant 
mot ion in all it's internal parts. 

But even this is inadequate to convey to you 
a juſt idea of the conſtant, poſitive, intenſe energy, 
from the activity of the matter of light. Of this you 
will form a better idea, by examining the mode of 
it's action in the interior parts of the moſt rigid and 
ſolid bodies. For in the moſt ſecret receſſes of the 
moſt ſolid ard paſſive ſubſtances, the matter of light 
is fo far from exiſting in an indolent quieſcent ſtate, 
that it is impoſſible to form an adequate idea of 7” 
iuceſſant and aide energy, under theſe circum- 


flances. Yet this ſtate of bodies is but little 


thought of by philoſophers in their reſearches in- 


to it's properties, either common or ſpecial; which 


J fhali illuſtrate, by conſidering the caſes of ſono- 


rous bodies, and the Fee of hammering 
cold iron, red-hot. 


If this fluid reſided within bodies, in an in- 
dolent and paſſive ſtate, it could exert no relucta- 
tion on any mechanical force, diſturbing it's pal- 


ſive occupation within bodies ; wv hereas, in fact, 


it's natural ſtate is never Jifturbed withour an ac- 
tive irritation being excited in the fluid, to reco— 
ver and repoſſeſs it's organical and interſtitial in- 


- herency, greater than that by which it was expel- 
led; it returns with a force not barely ſufficient to 
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recover the dimenſions it occupied within bodies, 
but with a violence capable of expanding them as 
much beyond their natural ſize as the external blow 
or concuſſion tended to compreſs them within it: 
hence a vibratory colluctation takes place between 
that action which preſerves bodies in their natural 
craſis, and the rapid returns of the fluid to it's na- 
tural ſtate; theſe vibrations continue for a time, 
and die away imperceptibly. 4 

This intenſe agitation, excited by the colliſion 
of bodies, is not con to their points of con- 
tact, but pervades theif whole ſubſtance, and oſcil- 
lates in every part. This is demonſtrated to the 
eye and ear, when a muſical chord is ftruck. You 
have ſpecimens alſo of it, in all elaſtic ſonorous bo- 
dies. When a bell is ſtruck, the ſound continucs 
labouring in the ear for a conſiderable time after- 
wards ; nor is the tumult ſubſided, when our ſenſe 
of it fails; it paſſes through a gradual a be- 
low the ſtandard of ſenſe. 

Suſpend an iron poker from the * by the 
teeth, and the iron diſcovers no great degree of any 
ſonorous quality; yet if it be ſtruck, you will have 
a very ſtriking ſenſation of the vibratory motion 
it's whole ſubſtance conceives from the ſtroke, by 
the teeth's tranſmiſſion of their feeling to the 
car. 
Phyſicians talk of the irritabilily of our ner- 
vous ſyſtem, as a very myſterious and wonderful 
phenomenon ; but there are more ſtriking exam- 
ples of this irritability in the moſt rigid dead ſub- 
ſtances. Subſtances, ſuch as glaſs, bell metal, &c. 
which are ſo rigid that few inſtruments will make 
an impreſſion on them, yet are capable of be- 
ing agitated through every atom of their ſub- 
ſtance; nay in ſome caſes to be burſt in pieces by 
the impreſſion of certain ſounds. A wine glaſs 


will burſt in pieces by the action excited through 
da it's 
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it's ſubſtance by certain tones of voice: columns of 
marble or porphyry are tremulous to thunder en- 
ploſons, and certain tones of an organ. 5 

This exceſſive mobility of parts throughout 
the whole ſubſtance of the moſt rigid bodies, clear- 
ly implies à great turgency of their ſubſtance with 
Jome very ative fluid, ſo that a ſmall increaſe of it's 
action 1 1s ready to burſt them in pieces. A 8 re- 
ſiſtance to the internal agitation of a bell, will 
cauſe it to crack. 

Now it is impoſſible to conceive, that ſuch 2 
tremulous motion ſhould be produced through the 
whole continuity of ſuch hard bodies, unleſs they 
contained in themſelves ſome inconceivably a#ive 
element, exerting a conſtant niſus to force their 
parts to as great a diſtance from each other as poſ- 

ible, and barely counteracted by the power that 
maintains their coheſion. 

The ſymptoms of this reſtleſs adlivity within 
ſolid 1 are not confined to ſuch as are com- 
monly called elaſtic. Thus iron yields more ſtrik- 
ing proofs of this latent active principle, than any 
ſubſtance of greater elaſticity than itſelf, and thus 
diſcloſes to our ſenſible conviction, preciſely what 
that principle or reſtleſs element is, that exerts 
it's energy ſo powerfully within all terreſtrial bo- 
dies 

For the power within bodies, that ſuſtains and 
preſerves their form, 7s not a paſſ Ve power. It 1s 
a poſitive re-action to the approach of the parts 
of the body. The /aw of re- action being equal to 
action, reſides ultimately in the conſtitution of this 
powerful fluid medium. Whenever the ſpaces it 
occupies within the ſurface of bodies are preſſed 
nearer one another by any ſudden ſhock or colli- 
fon, and conſequently this medium be for an in- 
fant driven out, the next inſtant it returns with 
violence, not enough to We it's 295 in the bo- 
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dy, but equal to that with which it was ejected; 
and therefore in returning, it dilates it's ſpaces as 
much beyond their ſizes, as they were compreſſed 
below their natural ſtandard by their colliſion; by 
which means, a temporary oſcillation is excited be- 
tween the efforts of that power, which circum- 
ſcribes bodies, and binds them to their natural 
ſizes, and the internal medium, which was irri- 
tated by the ſtroke, to act with a force equal 
thereto. 7 | 
If the ſtrokes, which diſpoſſeſs this fluid of 
the ſpaces it naturally obtains within bodies, are 
quickly and ſucceſſively renewed, before the col- 
luctations raiſed by the former ones have ſub- 
ſided, the internal agitation may thereby ſoon be 
raiſed to ſuch a height, as to break forth and mani- 
feſt itſelf in the form of actual fire. 

Every material being through all the forms of 
nature, is a compoſition of this celeſtial fluid and 
terreſtrial matter; you will find the diſtribution of 
material ſubſtances into theſe 77vo claſſes to be the 
real key to all natural knowledge; it not only diſ- 
tinguiſhes this globe from the celeſtial fluid in 
which it ſwims, but is to be applied to every indi- 
vidual terreſtrial ſubſtance; which muſt be conſi- 
dered, if you would comprehend the phenomena of 
nature, as an intimate compoſition of theſe two 
elements ; the Jatter being the organ or caſe to tne 
energy of the former, and the modifier of it's inceſ- 
{ant activities, while the former is the medium uſed 
by mind to impreſs thoſe characters on the latter, 
which are known as the diſtinguiſhing properties 
of different bodies. 

This fluid, according to the variety of the phe- 
nomena by which it's energy has been diſcovered 
to us, has been called under different circumſtances 
light, fire, elefricity, materia ſublilis, materia 
media, &c. At other times it has been diveſted 
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of it's materiality, and been conſidered merely as 
a principle annexed to or inherent in matter, under 
the terms of occult quality, niſus, attraction, electric 
altraction, elaſticity, irritability, flimulus, ſympathy, 
vital principle, life, &c. &c. 

This inviſible fire is ever ready to exert and 
ſhew itſelf in it's effects, cheriſhing, heating, fer- 


menting, diſſolving, ſhining, and operating in va- 


rious manners, according to the ſubjects which em- 
ploy and determine it's force. It is preſent in all 
parts of the earth and firmament, though in moſt 
caſes latent and unobſerved, till ſome occaſion pro- 
duces it in act, and renders it's effects viſible; it 
exiſts in our conſtitution, and indeed in every form 
in nature in two modes, interſtitially and organi- 
cally. If the pores of gold (which is one of the 
denſeſt known ſubſtances) exceed it's ſolid or earth- 
ly parts, how much greater muſt the proportion of 
ſolar fluid be in our frame than in that of gold! To 
illuſtrate this, I ſhall refer to the element of 
water. | 
Now water, by it's tranſparency, certifies to 
our ſenſes that light has free acceſs into and through 
it's ſubſtance; and it probably fills up it's inter- 
ſtices, as water does a ſpunge when ſoaked in it. 
But we know further by the fluidity and the vola- 
tiliſation of water, that the matter of light or fire 
has not only acceſs to it's interſtices, but penetrates 
and occupies it's ſimilar elementary particles; for 
' theſe particles could not be rendered volatile, but 
by internal dilatation, nor could they be dilated, 
but by ſomething that reached their internal 
parts. | 5 
Theſe particles then are the organical parts of 
water, which have their individuality as ſeparable 
elementary parts, as well as their ſimilarity of cha- 
racter, preſerved by that etherial principle that 
poſſeſſes them. 
| | Theſe 
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Theſe points being cleared, you will now have 
an obvious ſolution of the difficulties which have 
attended the queſtion, What is the principle of na- a 
tural life? Modern phyſiology has indeed bewildered f 
the conception of it's pupils, by not diſtinguiſhing | i 
between the term /:fe, uſed metaphyſically for | 
our ſyſtem of corn/ciouſneſs, or as the reſult of our | 
whole compotition explicable only by the creator, 
and the {ame term life, uſed phyſically to denote the | 
natural power that preſides in reciprocally regulating, f 
and being regulated by the mechaniſm and diſpo- 2 
fition of the whole, and of every part and particle 4 
of our corporeal frame. EL þ| 

It is by the unremitting reciprecal corruſca- q 
tions of this vital principle in the fluidsand ſolids, - 5 
according to the different qualities and conſiſten- 


cies they aſſume in different parts of our conſtitu- f 
tion, that the whole ſyſtem of life is diſplayed and l 
maintained in every individual. Light is not more | 


inſtantaneouſly diſpatched by reflection from a 
mirror, or by that power which every point of the 
air has of reflecting lightning, than that with which 
the ſame fluid, under the character and modification 
of the vital principle, acts from place to place in the 
human frame. 


Poor the moment of willing, and moving any 
re member is, undiſtinguiſhably the ſame ; ſo likewiſe 
es the moment of being touched, and the touch being 
or felt. But theſe inſtantaneous tranſmiſſions in our 
ut frame, are not confined to ſuch as we have a con- 
d, ſcious perception of: they are inceſſantly tranſact- 
al ing; the remoteſt vibrating artery correſponding 
with the heart, does not more immediately and con- 
of ſtantly feel it's power, than the material principle 
le of vitality through it's whole form in our ſtruc- 
la- ture, feels the permanent influence of it's own 
nat power concentered in and irradiating from the brain, 


the nerves being the directors of the various intend- 
ele B „ ed 
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ed energy of the powers of natural life. This vivi- 
fying plenum, occupying and organiſing every par. 
ticle and interſtice in our compoſition, can dif- 
charge it's whole niſus according to the pathic in- 
timation and direction of any nerve or nerves, as 
inſtantly as ele&ricity does through the ſubſtance of 
the body that receives the ſhock. 

When you conſider the rarifying and expanſive 
force of this element, which is capable in an in- 
ſtant of time to produce the greateſt and moſt ſtu. 
pendous effects, you have a full proof not only of 
the power of fire, but alſo of the wi/dom with which 
it is managed, and withheld from burſting forth to 
the utter ravage and deſtruction of all things ; and 
it is very remarkable, that this ſame element, ſo 
ferce and deſtructive, ſhould yet be ſo variouſly 
tempered, and applied by Divine Providence, as to 
be the genial and cheriſbing flame of all natural 
life. 

So bright and lively are the ſignatures of a 
DIVINE MIND operating and diſplaying itſelf in 
fire and light throughout the world, that, as Ariſ- 
totle obſerves, © all things ſeem full of divinities, 
whoſe apparitions on all ſides ſtrike and dazzle our 
eyes.“ And indeed the wiſeſt men of antiquity, 
how much ſoever they attributed to ſecond cauſes, 
and the force of fire, yet ſuppoſed it always to be 


governed by a mind or intelleck active and provi- 


dent, reſtraining it's force, and directing it's ope- 


rations. 
The order and courſe of things, together with 


what we daily experience, fully proves that there 


is a mind that governs and actuates this mundane 
ſyſtem, as the proper real agent and cauſe, and that 
the inferior inſtrumental cauſe is pure ether, fire, 
or the ſubſtance of ligbi, which is applied and de- 
termined by an infinite mind in the macroco/m or 


univerſe wn unlimited power, and according to 
| {ſtated 
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ſtated rules, as it is in the microcoſm with limited 
ower and {ſkill by the human mind. There is no 
proof from reaſon, or experiment, of any other agent 
or efficient cauſe than MIND or $pIRIT. When 1 
ſpeak therefore of corporeal agents, or corporeal 
cauſes, you are to underftand them as uſed in a 
different, ſubordinate, and improper ſenſe. 

The principles, whereof a thing is compound 
ed, the inſtrument uſed in it's production, and the 
end for which it was deſigned, are all in vulgar 
uſe termed cauſes, though none of them be, ſtrictiy 
ſpeaking, agent or efficient. Therefore when 1 
ſpeak of the element of fire as acting, it is to be un- 
derſtood only as a mean or inſtrument, which is in- 
deed the caſe of all mechanical cauſes whatſoever. 
They are nevertheleſs ſometimes termed agents, or 
cauſes, although by no means a&:ve, in a ſtrict and 
proper ſigni fication: when therefore force, power, 
virtue, or action, are mentioned as ſubſiſting in 
an extended, corporeal, or mechanical being, 
theſe terms are not to be taken in a 7rue, genuine, 
real, but only in a groſs and popular fenſe, which 
fteks in appearances, and does not analyſe things 
to their firſt principles. In compliance with 
eſtabliſned language, and the uſe of the world, 
we muſt employ the current phraſes ; but for 
the ſake of truth, we ſhould diſtinguiſh their 
meaning.* 

What I have here, as well as in my former 


Lectures, laid before you, concur in proving, (nay 


all nature gives teſtimony thereto, ) “ that the fluid 
etherial matter of the heavens acts by impulſe on 
the ſolid matter of the earth; is inſtrumental in 
every one of it's productions, and neceſſary to all 
the ſtated phenomena of nature. The elements 
may then be divided ino a&ive and paſi ve; not that 
they are ſuch by any inberent or eſſential difference, 
but 


* Siris, No. 154, 155. 
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but that, according to the order eſtabliſhed by the. 
Divine ArcnirtecrT, they are ODIEFFEA to ſubſiſt 


under ſuch relations. 
Or ANIMAL ELECTRICITY. 


J ſhall here introduce you to the reaſons and 
experiments, which induced Dr. Shebbeare to 
adopt electricity, as the principle of vital heat and 
motion, in 1755; and then ſhew how far his opinion 
has been confirmed by ſubſequent information. 

A muſcle put into motion by the will, may 
yet be more actuated by a farther extenſion of voli- 
tion, as from walking to running; by this operation 
ofthe mind, there 1s more of the vital fire deter- 
mined to the muſcles employed in thoſe actions ; 
muſcles are alſo brought into action, by the fire 
from the electric machine, and palſied limbs have 
been rendered plump by the ſame machine, and a 
power'of motion and action reſtored to thoſe whoſe 
palſies have not been of a long ſtanding, and which 
do not take their ſource from the ſpinal marrow. 
This offers a convincing proof, that vital ttrgms 
the cauſe of muſcular motion, and that this vital 
fire is of the ſame kind with that produced by our 
electrical machines. 

After ſo many experiments on the electrical 
fluid, and after the diſcovery of ſo many pheno- 
mena, which are no ways to be diftinguiſhed from 
thoſe of fire, it will ſcarce be any longer diſputed, 
that they are the ſame in their own nature. Nor 
will any one, I preſume, after the fire put in ac- 
tion in electrical experiments, has been perceived 
by all our ſenſes, ſuppoſe that there can be leſs 
reality in it, than in carth, air, water, or fire, 


whoſe reality with reſpect to mankind depends on 
the 


\ 


* Jones's Eſſay on the Firſt Princi ples of Philoſophy, p. 8. 
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the eigene of thoſe very ſenſes. Electricity com- 
municates ideas to every ſenſe; it is light to the 


eye, odour to the noſe, ſtroke to the touch, ſub- 


acid to the taſte. 

If you apply heat, either by means of water, or 
any other method, to the heart of a viper or of an 
cel taken from the body of thoſe animals, it will 
again begin to vibrate. Now heat is fire in action, 
and thus you ſee the ſame effect is produced, as 
was effected in the palſied limb. 4 

The reaſon why the hearts of vipers, and 
eels, and ſuch like animals, are put into motion 
by a power of the ſame nature, though in a leſs 
degree than that which moves the hearts of larger 


animals, is, becauſe they are extremely cold by 


nature, and therefore a leſs degree of fire actuates 
on chr heart than on thoſe of larger animals. It 
is not improbable, that the ſame degree of heat, 
which is neceſſary to keep a fowl alive, would de- 


ſtroy a frog or viper, and burſt the cells of the tu- 


nica cellularis. After the heart of a viper has 
diſcontinued to beat with the application of any 
certain degree of heat, it will vibrate again on the 
application of a ſuperior degree. 

The heart, which in the open air had ceaſed 
to move with a certain degree of heat, will vibrate 
again in vacue with the ſame degree; for the preſ- 
ſure of the atmoſphere being removed, a leſs 
power is required to diſtend the fibres. 

Dr. Shebbeare took the heart of an eel, 
which had been ſome time dead, and placing it on 
a card, put it on the conductor; the firſt motion 
that was conimunicated to it, was it's ſwelling, or 
the diaſtole of the ventricles, which not being im- 
mediately followed by the contraction or ſyſtole, 
he took the electrical ſpark therefrom, on which 
it contracted ; it then dilated again, and upon the 
application of his finger again contracted; and thus 

having 
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having repeated it ſeveral times, the heart conti. 
nued to perform it's diaſtole and ſyſtole, without 
being touched; and when it was removed it ceaſed, 
but began again upon being placed on the bar. 

Lord Bacon has given us a very remarkable 
inſtance of the effect of fire upon the human 
heart. He ſays, that upon the embowelling of 
a criminal, he had /een the heart of a man, after it 
was thrown into the fre, leap up for ſeveral times 
together, at firſt to the height of a foot and a half, 
and then gradually lower, to the beſt of his memo. 
ry, for the ſpace of feven or eight minutes.” 

Trace vital heat and motion from their ſource, 
and you will find theſe phenomena ſtill more clear- 
ly illuftrated. An egg, though it include all the 
parts neceſſary for the formation of an animal, 
will never produce a chicken, unleſs it is kept in 
a certain degree of heat for a certain time ; which 
heat, regularly conducted, is all that is neceſſary to 
the production of an animal ſimilar to the pa- 
rent. | | 
That there is nothing more neceſſary to the 
producing this animal from an egg, than common 
fre, has been long known and practiſed in Egypt, 
and demonſtrated by Mr. Reaumur. There 1s no 
other vital principle transfuſed from the hen to the 
embryo, than from a common fire. Thus is fire 
plainly proved to be the firſt mover in the animal 
machine, and is the only active material or natural 
principle during it's exiſtence; and it is a principle 
abſolutely neceſſary for the preſervation of health, 
and generating wholeſome fluids. Shall fire be al- 
lowed to have the power of beginning the vital 
motion in the womb, or egg, and ſhall it be refuſed 
the power of continuing 1t after the birth ? 

Now, for many reaſons which will be ſeen as 
we proceed, it appears that the fluid of fire paſſes 


by the nerves to the brain and ſpinal marrow, and 
| from 
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from thence to the heart for the ſupplying the cauſe 
of involuntary motion, and that a ſufficient quan- 
tity is always detained there to go to the muſcles at 
particular times for the performing voluntary 
motion. 

This fire (the reality of whoſe exiſtence is 
proved by all the demonſtrations which can attend 
the proof of any exiſtence, and whoſe general pro- 
perties are now well known) i is lodged in the brain, 
medulla ſpinalis, ganglions, and nerves, and thence 
operates on all the different parts of the body. 
The diminution and waſte of this fire 1 18 enn, 
ſupplied from the earth. 

The nerves, which are deſtined to the ſenſe 
of feeling, are the conductor of this fire to the 
brain; while thoſe which are deſtined to motion, are 
the conductors by which it is conveyed to the 
muſcles. For a particular explanation of the man- 
ner in which it acts, I muſt refer you to Dr. Sheb- 
beare's maſterly performance. 

It is not the fluid of fire alone, that conſti- 
tutes and preſerves the vital heat and vital motion ; 
but it muſt for this purpoſe be brought into 
a certain ſtate or degree of action, which, in a 
healthy man, amounts to 98 of Fahrenheit's ther- 
mometer ; and according to the degrees of heat 
originally deſtined to each animal, and the exceſs 
or decreaſe of it, will be the ate of it's activity 


and health. 


Nor 1s this confined to animals; ſomething of 
the ſame kind ſeems to take place in vegetables. 
The heat which produces an apple to perfection, 
would never bring forth a pine apple, and the firs 
which thrive and look green on the bleak and ſnowy 
hills of Norway, would periſh in the burning ſands 
of Barca ; whilſt the ſpicy vegetables of the eaſt, 
which breathe inceſſant ſweers amid the glowing 
ſoil of Arabia, would languiſh and expire in that 
cold clime which breeds the lofty oak. _ 

he 
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The heat which hatches the chicken from an 
egg. would deſtroy the whole race of fiſhes if it 
affected their ſpawn; and thus the very ſame ele- 
ment, which makes an animal complete in one de- 
gree, and in one ſpecies, deſtroys it's exiſtence in 
another ſpecies with the ſame degree. 

The degree of heat, which would injure the 


life of a frog, would not be ſufficient to keep the 


beart of a ſheep in action. Health depends on a de- 
gree of heat which is natural to each animal, and 
which was firſt imparted to it by that Divixz Ix- 
TELLIGENCE, Who is alone able to actuate and in- 
form, and who has furniſhed us with powers to 
keep up this degree, and counteract and throw off 
a greater. 

In this account of vital bans a og. there 
is nothing new ſuppoſed ; no new property aſſigned 
either to fire or electricity ; no new formation given 
to any part of the human body. 

We require no more of the nerve than that it 
exiſts, and that it be a conductor of the electric 
fluid; which experiment proves, vital heat and 


vital motion are here as they are in nature, begin- 


ning together, and continuing ſo through life. Solar 
fire and the electric fluid are one and the ſame vivi- 
fying principle, actuating all the difterent orders of 
material beings: they are ſo radically the ſame, 
that in various inſtances you find that what was 
one becomes the other ; and thus facts and philo- 
ſophy are united ; and the cauſe of natural life and 
motion 1s diſcovered by reaſon and experience to 


be the ſame with what our ſenſes inform us to be 


intuitively the true one. And permit me to tell you, 
that in general, whenever the account given to ex- 
plain the cauſe of any phenomena in nature, Is 
contradictory to the obvious apprehenſion of the 
ſenſes of a plain underſtanding, there 1s reaſon to 
ſuſpect it's truth. That to the agency of fire all 

| 8 animal 
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animal motion and animal heat are owing, is ob- 
vious to the meaneſt capacity; and if this element 
ceaſe to act, or if it be diſunited from the body, 
death is the certain conſequence. Every part of 
nature affords facts to ſupport this opinion. Con- 
template the great luminary which enlightens the 


univerſe, and you will find every ray is fraught 
with fire, which it is ready to manifeſt on meeting 


a proper recipient. Without the genial warmth 
they communicate, both animal and vegetable life 
muſt ceaſe, and all nature become one lifeleſs, tor- 
pid, diſmal ruin. 

All nature bears teſtimony to the exiſtence of 
this etherial fluid, and to it's inceſſant active ener- 
oy, To us, indeed, it often remains latent, and 
peculiar circumſtances are neceſſary to excite thoſe 
ſigns which render it's effects moſt viſible to our 
ſenſes. The ancients, viewing nature as ſhe 1s, 
often attained more accurate notions of her ope- 
rations, than modern philoſophers. Theſe, by 
multiplying experiments without firſt attaining a 
correct idea of the facts continually preſented for 
obſervation in the great laboratory of nature, have 
often waſted their time and talents; and in the 
end have bewildered themſelves in an inexplicable 
labyrinth, or at beſt, have only placed one ſpecies 
of ignorance in the deſerted room of another. 
The Platoniſts and Pythagoreans maintained, that 
fire was the great inſtrumental cauſe in the uni- 
verſe, ſubordinate to the infinite creative mind ; and 
that it actuated the macroco/m, and animated the 
microcoſm. | | | 

The old naturaliſts have univerſally maintain- 
ed, that fire was in all bodies; and however indi{- 
tinctly they were able to write of it, what they 


wrote was true. Theophraſtus has ſpoken of fire 


in terms that beſpeak a conſiderable knowledge 


thereof. Far from ſuppoſing motion to be the 
Vor. IV. 2 E e cauſe, 
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cauſe, much further from ſuppoſing it to be the 
eſſence of fire, he aſſerts, that fire is a very dif. 
tint thing from the matter in which we ſee it 
lodged, and from the motions which we ſee excite 
it; and that it is, in it's pure natural ſtate, fine, 
etherial, imperceptible, and at perfect reſt, He 
hints, that this fire was the breath which the cre. 
tor diffuſed in all matter, which, paſling over the | 
waters, made, out of them metals, ftones, and 
earth; and aflerts, that it 1s the inſtrument which 
he employs to give all things life and motion. 
They in general conſidered earth and water, air 
and fre, as the component elements of all viſible 
and known corporeal beings, and that life was con- 
veyed to them through the elements of air and fire; 
that this fire was continually operating to apply 
and adjoin to theſe bodies the newly arrived mat- 
ter, converting this matter into a ſubſtance of the 
ſame nature or form, with that part to which it 
was applied, and thus fitting it for the groww!h or 
zncreaſe, as well as the aliment of the part. But 
then they alſo conſidered natural life as only poſ- 
ſeſſed of theſe powers, becauſe it was the imme- 
diate agent of mind : for mind is evidently the cauſe 
of form to all things formed by man ; and the cauſe 
of union or conjune/ion, to all things united or con- 
joined-by art. | 
| It is hardly poſſible not to agree in many re- 
ſpects with theſe ancient ſages: for when you look 
round with a philoſophic eye, and contemplate the 
univerſe with ſedulous attention, you will find, 
that there is no effect cither beautiful, great, mar- 
vellous, or Jerrible, but what proceeds from fire. 
It can therefore be no matrer of ſurpriſe, that 
after the diſcovery of electricity, it was conſidered 
as the phy/ical cauſe of motion, irritability, &c. 
but it is ſurely a ſubject of regret, that medical men 
have ſhewn ſuch reluctance to the 1 
2 | this 
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this ſubject, and that too many have in every poſ- 
ſible way endeavoured ro diſcountenance it's ap- 
plication in medicine; though . the agency of this 
fluid, and it's exiflence in animated nature, has been 
ſo fully -proved by a variety of experiments, that 
there can be very little doubt, that it is eſſentially 
connected with, and continually exerting it's in- 
fluence on the human frame. I ſhall here lay be- 
fore you ſome further inſtances to corroborate 
what has been already advanced. By means of a 
ſmall condenſing plate, Mr. Cavallo obtained very 
ſenſible ſigns of electricity from various parts of his 
own body, and the head of almoſt any other perſon. 
The ſtrong electricity obtained in froſty weather 


from ſilk ſtockings, &c. on being pulled off, as 


well as that obtained by combing the hair, have 
been long known. Among others, Mr. Brydone 
mentions a lady, who, on combing her hair in troſty 
weather in the dark, had obſerved /parks of: fire 
to iſſue therefrom. This made him think of try- 
ing to collect the electrical fire from human hair 
alone. To this end, he deſired a young lady to 
ſtand on wax, and comb her ſiſter's hair, who was 
fitting in a chair before her; ſoon after ſhe had be- 
gun to comb, the young lady on the wax was ſur- 
priſed to find her whole body electri fied, and dart- 
ing out ſparks of fire againſt every object that 
approached her. Her hair was {ſtrongly electrical, 
and affected an electrometer at a contiderable diſ- 
tance. He charged a metallic conductor from it, 
and in the ſpace of a few minutes collected a ſuf- 
licient quantity of fire to kindle common ſpirits, 
and, by means of a ſmall jar, gave any ſmart 
ſtrokes to all the company. 
When the diſcoveries in this france; ſays 
Mr. Brydone, are further advanced, we may find, 
that what we call ſenſibility of nerves, and many 
other diſeaſes, which are known only by name, ar: 
EY 4 ___ owing 
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owing to the bodies being poſſeſſed of too large 
or too {mall a quantity of this ſubtil fluid, which 
is perhaps the vehicle of all our feelings. It is 
known, that in damp and hazy weather, when this 
fire is blunted and abſorbed by the humidity, it's 
activity is leſſened, and what is collected is ſoon 
diſſipated; then our ſpirits are more languid, and 
our ſenfibility is leſs acute. And in the fierce 
wind at Naples, when the air feems totally de- 
prived of it, the whole {yftem is unſtrung, and the 
nerves ſeem to loſe both their tenſion and elaſti- 
city, till the north-weſt wind awakens the activity 
of the animating power, which ſoon reſtores the 
tone, and enlivens all nature, which feemed to 
droop and languiſh in it's abſence: nor can this ap- 
pear ſurpriſing, if it is from the different ſtate of 
this fire in the human body, that the ſtrictum and 
laxum proceeds, and not from any alteration in 
the fibres themſelves, or their being more or leſs 
braced up, (among which bracers cold has been 
reckoned one,) though the mufcutar parts of an 
animal arg, more braced when they are hot, aud 
relaxed when they are cold. 

From the perpetual a of the atmo- 
ſphere, which is no longer a problem, as it's ex- 
iſtence and agency in that maſs of air which ſur- 
rounds our globe, has been aſcertained by nume- 
rous, clear, and deciſive experiments, it ſeems but 
juſt to infer, that it muſt exert a certain influence 
on all the beings contained therein, and princi- 
pally on organized bodies, among which the human 
frame claims the pre-eminence. 

But there is no neceſhty for deductions from a 

eneral view of nature, for we are now in poſſeſ- 
ſion of facts, which prove, that it is a principal 
agent in promoting the functions of animated 
beings; as in the gymnotus electricus torpedo, and 
flurus electricus. For the ſimilitude eftablithed 
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between the electrical fluid of theſe animals, and 


that of nature at large, is ſuch, that in a phyſical 


1 they may be conſidered as the ſame. 
Or THE LATER ExptrIMexTs ON ANIMAL ELrc- 


When Mr. Walſh firſt attributed the ſen- 
fations produced by the torpedo, &c. to electri- 
city, his opinions, and the inferences deduced from 
his experiments, were vehemently oppoſed by moſt 
of the beſt electricians of the day : the conceptions 
of theſe men being limited to the minutiæ of ex- 
periments, they were incapable of graſping a more 
extenſive ſubject, or one that was not in all re- 
ſpects conformable to the appearances they were 
uſed to. Whereas a juſt view of things ſhould 


have prepared them to expect various anomalies, 


while they were inveſtigating the nature of an in- 
viſible and ſubtil agent, ſubject to a variety of 
modifications from the ſubſtance through which 
it paſſes, or with which it may begrombined. 
Hence in the purſuit of animal electricity, you 
muſt not expect to meet with every electric ſign, 
as from the very nature of it's connection with ani- 
mated beings, it will certainly acquire properties 


that are not to be found when it 1s diſengaged 


therefrom. 

Before I relate any of the experiments of 
Valli, &c. I ſhall lay before you thoſe principles 
which I conceive will throw great light on the 
ſubject of animal electricity, and by which they 
may be reconciled to the general agency of nature. 
You have ſeen by a great variety of experiments, 


that electricity is always /i rendered ſenſible by | 
a ſolution of continuity; you have alſo every reaſon 


to ſuppoſe, that the ce ie matlier is carrying on 
it's moſt important functions, when we are unable 
| Ee3 to 
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to perceive any ſigns of electricity; you have ſeen 
that the elefric matter, and what we term elec. 
tricity, are not inſeparable beings, that the one 
may ſubſiſt, when the other ceaſes to appear. As 
the air may occupy a ſpace without producing 
ſound; ſo the electric matter may reſide in a body, 
without exhibiling any electric ſigns. We know alſo 
by univerſal obſervation, as well as partial experi- 
ments, that there is a principle in all bodies, 
which is continually endeavouring to extend. their 


form, but whoſe energies are continually counter. 


acted by an exterior force. Now it muſt be eyi- 
dent, that every ſolution of continuity will give an 
opportunity for this expan/ive, dilaling ſubſtance 
to eſcape, when it puts on new and unexpected 
appearances. Now as we know this expanding 
ſubſtance is fire, and have a proof, that on it's 
eſcape it exhibits electric ſigns, we have a further 
confirmation of the identity of theſe elements. 

I think this view of the ſubject is in itſelf a 
ſufficient refutation of Dr. Munro's attempt to 
prove, that the nervous fluid or energy 1s not 
the ſame with the elefrical ;* though many other 
arguments may be adduced to anſwer the ſame 
- purpoſe. N . 

His difficulty in conceiving how the electri- 

cal fluid can be accumulated within our nervous 
ſyſtem is not greater than that of conceiving how 
it is accumulated amidſt a condutting fluid in the 
torpedo, &c. ; nor indeed than of it's being accu- 
mulated in the Leyden phaal, as glaſs 1s now known 
to be permeable thereto. But the difficulty with 
reſpect to animals vaniſhes, when we conſider that 
elechrical appearances are occaſioned by a flate of the 
Auid altogether different from that under which it 
exiſts in the animal frame ; when it 1s in the latter, 
SET EN 3 e p ' 1t's 
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it's powers are united, and it's operations imper- 
ceptible; when it appears as electricity, it's powers 
are divided, and ſome of their effects rendered 
ſenſible. _ 

So far as mechanical flimuli have any relation 
to fire, ſo far they will be in ſome degree ſimilar to 
the elefrical fluid, and act in the ſame manner; 
for ſtimulants act only as they are the vehicles of 
fire. The ſecond objection therefore of the profeſſor 
falls to the ground. The fame reaſoning applies 
to his ſixth objection. 

His fourth reaſon, ſo far from proving that 
the nervous and electrical fluids are nor the 
ſame, may be conſidered as a clear proof of their 
identity, for the two electrical powers 10 act 
in oppoſite directions. 

On the ſame principle the nervous energy 
(the electrical fluid in it's united ſtate) cannot pals 
readily up or down a nerve that has been tied or 
cut, for the tying or cutting the nerve changes 
the ſtate of the fluid. 

Before I proceed to give you an account of 
the experiments relating to animal electricity, I 
ſhall lay before you ſome remarks of the Rev. 
Mr. William Jones,* from whom we have already 
profited ſo much in the courſe of theſe Lectures, 
and which are intimately connected with our 
ſubject. © As the force of the electrical fluid (ſays 
he) 1s principally exerted on the nerves and 7en- 
dons of the body, there is reaſon to believe that this 
quid is the ſame with that /omezbing, which many 
phyſicians have diſcourſed upon, under the name 
of animal ſpirits. The nerves do not appear as 
if they were deſigned to admit any animal fluid or 
liquor, unleſs it be an indolent lymph neceſſary to 
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* Jones's Eſſay on the Firſt rissig of Natural Philoſophy, 
Þ. 266. 
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keep them moiſt : but their pellucidity indicate; 
that they are properly adapted to give a direct 
paſſage to the fluid /ight; for they are tranſparent, 
and that not tranſverſely, but longitudinally, or in 
the direction of their fibres. This Mr. Jones ob. 
ſerved accidentally, as ſome eyes of ſheep and oxen, 
which he had procured for diſſection, lay on the 
table; one of theſe eyes ſhone in the day time, 
much i in the ſame manner as the eyes of ſome ani- 
mals do in the dark ; on examining into this cir- 
cumſtance, he found that if his hand were inter- 
poſed between the neareſt window and the ex. 
tremity of the optic nerve (a part of which, nearly 
an inch in length, remained with the eye, and was 
accidentally pointed towards the window) the light 
immediately diſappeared.” _ 

From this he was led to conſider, whether the 
light that appears in the eyes of ſome animals in 
the night time, is really a reflection of light from 
the eye, as is commonly ſuppoſed ; or whether it 
does not rather paſs into the eye, through the optic 
nerve , from the body of the animal? It is not eaſy to 
conceive how this ſhining can be occaſioned by a 
reflection of light from the choroides in the bottom 
of the eye, when the light to be reflected (as ina 
dark night) is not viſible before it's entrance into 
the eye. If a candle be held before the eyes of a 
dog, and you place yourſelf in the line of reflection, 
the light will be viſibly reffected from his eyes, 
becauſe the illumination is ſufficiently ſtrong: but 
when there is no viſible illumination at all, how 
ſhould it account for the like effect? Whence it 1s 
more reaſonable, that this appearance ſhould be 
owing to a light from within the body of the ani- 
mal, which being weaker than the light of the day, 
but ſtronger than the light of the night, is viſible 
iu the night, but not in the day. The /ight of other 
bodies which ſhine 1 in the dark is inherent 1 in _ 

bodies, 
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bodies, as in putrifying veal, fiſh, rotten wood, 

hoſphorus, the glow-worm, &c. concerning the 
laſt of theſe, the eminent anatomiſt and philoſo- 
pher, T. Bartholine, has the following obſervation. 
If a glow-worm be examined, it will appear to have 
a lucid liquor in the hinder part of it's body, where 
the heart is placed, by which the heart is moved 
and illuminated; and this fluid retains it's light, 
ſo long as the heart of the inſect retains it's life 
and motion. 

Dr. Prieſtley, in his Heads of Lectures on a 
courſe of experimental Philoſophy,” has given ſo 
excellent and compendious a view of the princi- 
pal experiments, that have been made by Valli and 
'others to determine the electricity of animals, that 
I cannot do better than lay it before you; which 
I the more readily do, as it will ſave us from the 
diſguſting detail of a variety of cruel experiments, 
experiments that I hope you will never be induced 
to repeat. One alone will ſuffice to give you an 
idea of the nature of theſe operations. 

Mr. Valli opened the abdomen of a frog, in 
order to lay bare the ſpine of the back, and dif- 
cover the crural nerves which iſſue from it; a few 


lines above this point, he cut the animal in two, 


and paſſing his ſciſſars immediately under the ori- 


gin of theſe nerves, removed the remaining por- 


tion of the vertebral column, ſo as only to leave 
the vertebral which united the bundle of nerves ; 
this portion of the vertebræ was enveloped with a 


piece of ſheet-lead ; the coated part was touched 
with one end ofa metallic conductor, and with the 


other the ſurface of the thighs which were pre- 
viouſly ſtripped { of their ſkins. The movements 
produced thereby, were violent, and continued for 


Along time. 


Having thus explained to you the manner in 


which the animal is prepared for theſe experi- 
ments, 


ductors. 
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ments, I ſhall proceed to point out the principal 
reſults, as furniſhed by Dr. Prieſtley. 

The nerve of the limb of an animal being laid 
bare, and ſurrounded with a piece of ſheet-lead, 
or of tin-foil, if a communication be formed be. 
tween the nerve thus armed and any of the neigh- 
bouring- muſcles, by means of a piece of zinc, 
= arg contractions will be produced in the 

imb. | 


If a portion of the nerve, which has been 


laid bare, be armed as above, contractions will be 


produced as powerfully, by forming the commu. 
nication between the armed and bare part of the 
nerve, as between the armed part and muſcle, 

A ſimilar effect 1s produced by arming a nerve, 
and ſimply touching the armed part of the nerve 
with the metallic conductor. 

Contractions will take place if a muſcle be 
armed, and a communication be formed by means 
of the conductor between it and a neighbouring 
nerve; the ſame effect will be produced if the com- 
munication be formed between the armed muſcle 
and another muſcle, which is contiguous to it. 

Contractions may be produced in the limb of 
an animal, by bringing the pieces of metal into 
contact with each other at ſome diſtance from the 
limb, provided the latter make part of a line of 
communication between the two metallic con- 

The experiment which proves this is made 
in the following manner. the amputated limb 
of an animal being placed upon a table, let the 
operator hold with one hand the principal nerve, 
previouſly laid bare, and in the other let him hold 
a piece of zinc; let a ſmall plate of lead or filver 
be then laid upon the table at ſome diſtance from 
the limb, and a communication be formed by 
means of water between the limb and the part of 


the 
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the table Where the metal is lying. If the 
operator touch the piece of filver with the 
zinc, contractions will be produced in the limb, 
the moment that the metals come into contact 
with each other. The ſame effect will be pro- 
duced, if the two pieces of metal be previouſly 
placed in contact, and the operator touch one of 
them with his finger. This fact was diſcovered 
by Mr. William Cruikſhank. 

Contractions can be produced in the ampu- 
tated leg of a frog, by putting it into water, and 
bringing the two metals into contact with each 
other, at a ſmall diſtance from the limb. 


The influence which has paſſed through, and 


excited contractions in one limb, may be made to 
paſs through, and excite contractions in another 
limb. In performing this experiment, it is ne- 
ceſſary to attend to the following circumſtances; 


les two amputated limbs of a frog be taken, let 


one of them be laid upon a table, and it's foot be 
folded in a piece of ſilver; let a perſon lift up the 
nerve of this limb with a ſilver probe, and another 
perſon hold in his hand a piece of zinc, with which 
he is to touch the ſilver, including the foot; let 
the perſon holding the zinc in one hand, catch with 
the other the nerve of the ſecond limb, and he 
who touches the nerve of the firſt limb, is to 
hold in his other hand the foot of the fecond ; let 
the zinc now be applied to the filver including 
the foot of the firit limb, and contractions will 
immediately be excited in both limbs. 

The heart is the only involuntary muſcle, in 
which contractions can be excited by theſe expe- 
riments ; contractions are produced more ſtrongly, 
the farther the coating is placed from the origin of 
the nerve. 

Animals, which were almoſt dead, have been 
| found to be conſiderably revived by exciting this 

| influence. 
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influence. When theſe experiments are repeated 
upon an animal that has been killed by opium, or 
by the electric ſhock, very ſlight contractions are 
b produced, and no contractions whatever will take 
1 place in an animal that has been killed by cor- 
1 roſive ſublimate, or that has been ſtarved to 
death. Zinc appears to be the beſt exciter when 
applied to gold, ſilver, molybdena, ſteel, or cop. 
per; the latter metals, however, excite but feeble 
contractions when applied to each other; next to 
zinc, in contact with theſe metals, tin and lead 
1 appear to be the moſt powerful exciters. 
4 It has been found, that, if a plate of zinc is 
1 applied to the upper part of the point of the 
4 tongue, and a plate of ſilver to it's under part, on 
bringing the two metals into contact with each 
other, a pungent diſagreeable feeling, which it is 
difficult to deſcribe, is produced in the point of the 
tongue. And if a plate of zinc is placed between 
the upper lip and the gums, and a plate of gold 
applied to the upper or under part of the tongue, 
on bringing theſe two metals into contact with 
each other, the perſon imagines that he ſees a flaſh 
of lightning, which, however, a by-ſtander in a 
dark room does not perceive; and the perſon per- 


forming the experiment perceives the flaſh, though tl 

he is hood-winked.* 5 la 
After performing this experiment repeatedly, | 

Dr. Munro conſtantly felt a pain in his upper d 

jaw, at the place to which the zinc had been ap- i” 

plied, which continued for an hour or more; and af 

in one experiment after he had applied a blunt 

probe of zinc to the ſeptum narium, and repeat- 

edly touched with a crown piece of filver ap- 

plied to the tongue, and thereby produced the ap- x! 


pearance of a flath, ſeveral drops of blood fell 
e ie e eee $rom 


Munro's Experiments on the Nervous Syſtem, p. 25. 
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from that l and Dr. Fowler, * making 
ſuch an F on his ears, obſerved a ſimi- 
lar effect. 


E oF THE FLUID PUT IN MorTIoN Bx 
THE FOREGOING EXPERIMENT, TO THE ELECTRI- 
- CAE Fruip.* 


The fluid ſet in motion by the application of 
the metals to each other, and to animal bodies, or 
to water, agrees with or reſembles the electrical 
fluid in the following reſpects: 

Like the electrical fluid, it communicates 
the ſenſe of pungency to the tongue. _ 

Like the electrical fluid, it is conveyed readily 
by water, blood, the bodies of animals, the me- 
tals; and 1s arreſted in it's courſe by glaſs, ſealing- 
wax, &c. 

It paſſes, with ſimilar rapidity, through the 
bodies of animals. 

Like the electrical fluid, it excites the activity 
of the veſſels of a living animal; as the pain it 
gives, and hemorrhagy it produces, ſeems to prove. 
Hence, perhaps, it might be employed with ad- 
vantage in amenorrhœa. It excites convulſions of 
the muſcles in the ſame manner, and with the 
lame effects as electricity. 

When the metals and animal are kept ſtea- 
dily in contact with each other, the convulſions 
ceaſe, or an equilibrium ſeems to be produced, as 
after diſcharging the Leyden phial. 


GENTRAT OBSERVATIONS. 
A view of the great agents in nature naturally 
leads 1 us to conſider the opinion of thoſe who wiſh 


to 


* Munro's Experiments on the Nervous Syſtem, p. 38. 
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to ſet religion and reaſon in oppoſition to each other, 
and to ſuppoſe that philoſophy and revelation can 
never agree. But, in oppoſition to ſuch inſidious 
attempts, attempts which never were deſigned to 
enlarge the mind, or to improve the heart, it ma 
eaſily be made to appear, that, take philoſophy in 
it's molt improved ſtate, enriched by the diſcoveries 
of ages, examined by the teſt of the cloſeſt reaſon- 
ing, elevated above the fallacies of the ſenſes, and 
of appearances; and yet, in this improved ſtate, 
it ſhall be found perfectly to correſpond with the 
philoſophy of ſcripture, rightly underftood. The 
word of God is as perfect as nis work. Both pro- 
ceed from the one fountain of trurh, who cannot 
contradict himſelf. His Worp and His Work 
mutually illuſtrate each other. The one is not to 
be underſtood without rhe other. For both are the 
offsprings of divine lobe, manifeſted in w:/dom, 
and exerciſed in power. | | 
Creation may be confidered as the grand 
chain of cauſes and effects, intimately connected 
together. It is the work of omnipotence, guided 
by infinite wiſdom, and excited to work by com- 


municative goodneſs. But do we not entertain 


wrong ideas on this important ſubject, if we ima- 
gine, that any part of this grand fy ſtem ſtands un- 
connected? or, as if the Great Maſter Builder was 
obliged to collect diſcordant materials from dit- 


ferent parts, and overcoming the repugnance of 


their natures, to form one whole out of theſe he- 
terogeneous ſubſtances? Whereas, the truth ap- 

ears to be, that in his divine hand, the one na- 
turally and orderly produces the other; that which 


was the effect of a prior principle, becomes the 


cauſe of that which follows it immediately; and 
again, this effect becomes an inſtrumental cauſe in 
it's turn; and is thus extended in a long ſeries, un- 
til all are completed in outward nature. 4 

| ct 
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Let us examine how this will agree with the 
Moſaical account of the creation; for, although 
we may readily allow, that that book contains 
more intereſting and important ſubjects, than the 
detail of the mere creation and formation of this 
material ſyſtem; yet the natural account, when 
rightly underſtood, may be found to be moſt ac- 


curate, philoſophical, and juſt. The great and 


{ſpiritual truths, conveyed under that form, may 
yet be delivered down to us in a vehicle of the moſt 
accurate philoſophical truth; the ſtricter the truth, 

the greater and more perfect the analogy and cor- 
reſpondence; but it ſeems to have been the pecu- 
liar fate of theſe ſublime and ancient writings of 
the Hebrew ſage, that they have been ſuppoſed to 
contain what they did not, whilſt their real and 
moſt important contents have been greatly over- 
looked. The ideas of the Divine Mind diſcloſed, 


the energies of his almighty will exerted, produced : 


motion 1n different degrees, as the inſtrumental 


cauſe for future productions. Hence the motion 


of ſpirits, of minds, of life, of thought, of light, 


of the heavenly bodies, of blood, and of the ſap. - 


Hence this motion, dependent and continued from 


the one ſource of lite and motion, may be con- 


ſidered as the key of natural knowledge, which 
opens the temple of phyſical truth. Motion is 
the viſible diſcovery of the divine hand; motion is 
the grand connecting link between the ſpiritual 
and natural worlds; by this the energies of the one 
are impreſſed on the other. 

This motion, proceeding from a pure and 
ſuperior ſyſtem, was at firſt moſt perfect and full, 
unencumbered by matter, unimpeded by obſtruc- 
tions. 

Now, in the firſt day, for in the firſt ſtate of 
creating things; for as yet there was no ſun and 


earth, and therefore no meaſure of day and night; 


in 
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in this firſt ſtate of things, the ſcripture ſays, 
LIGHT was formed, or rather the matter of light, 
by the means of pure original motion. Now 7he 
matter of light is elementary fire. This is evident 
from the moſt intimate relation between firc and 
light; light being only an effect, an outward viſible 
manifeſtation of latent fire. 

This pure elementary fre, the matter or ſub- 
ſtance of light, produces that rapid m97707 of light 
from the ſunor ſtars to the earth, travelling with ſuch 
amazing velocity. Fire and light combined, pro- 
duced air, or the firſt and pureſt etherial particles; 
and, therefore, in the Moſaical account, the firma- 
ment, the expanſe, or the atmoſphere of the 
AIR, was the /econd day's work, or the /econd ſtate 
of things in their progreſs to perfection and fulneſs. 
This elementary principle 1s not ſo fubtil and active 
as it's parents, fire and light; yet it is more ſubtil 


and active than vapour or waler; therefore it 


holds the intermediate rank between theſe, and is 
a connecting link in the great chain, as it is pro- 
duced by fire and light; fo again, when partly de- 
prived of theſe, it is the inſtrumental cauſe to form 
the vapours and water. 

That fre and light produce a1R, may be illuſ- 
trated by various experiments, the reſpiration of 
plants, and the purity of the air, which they pro- 
duce, when expoſed to the agency of Jig; and the 
great quantities of different airs produced in various 
chemical experiments by the activity of fire. 


Air condenſed, expoſed to obitructions, and 


thus deprived of the greateſt portion of it's ethe- 
rial fire, becomes firſt vapour, and as the fire diſ- 
Hpares, and the motion ceaſes, it becomes waTER 
in the various forms of mi/t, dew, rain, &c. In 
this ſtate, it is almoſt entirely deprived of it's . 
ginal motion; is leſs ſubtil, and more groſs; 

become an object of the outward ſenſes, and is lub 

ject to the laws of gravitation. 
Water 
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Water is the great ſupport of animal and ve- 
getable ſubſtances, which at length are reduced to 
earth in their various changes, from the firſt prin- 
ciples of active nature, down to the loweſt, groſſeſt 
material form ; from the fountain of life, from 
the architypal ideas of the Divine Mind, through 
ſpirits to fire, light, ether, air, water, earth, down 
to ſluggiſh inert matter. | 

Fire, light, air, and water, may then be con- 
fidered as the grand agents in nature. The earth 
is, as It were, a baſis for them to reſt and to work 
upon. In theſe, the circulation of motion in it's 
deſcent and degrees is preſerved, and the earth is a 
nidus where they reſt, and where their effects are 
manifeſted. Thus was there a regular and beau- 
tiful deſcent from the ſpiritual to the natural world, 
from motion to reſt. The wondrous fabric of the 
earth was not built of diſcordant materials, of 
jarring elements, forcibly reſtrained by the divine 
hand continually checking them ; but the homo- 
geneous ſubſtance aroſe in a wiſe and orderly ſeries. 
Each part being preparatory for that which was to 
ſucceed; every thing being a link in the great 
chain of order and uſefulneſs; an inſtrumental 
cauſe to produce the ſuccecding effect, until all was 
finiſhed and complete, nature ſtood perfect in 
outward matter: creation was no longer all fire, 
light, air, or water; but each retained it's reſpec- 
tive rank; and the groſs material world was pro- 
duced, able to ſuſtain minerals, plants, animals, 
and man. | 1 | 

Thus did the Divine ArcniTEtcT accompliſh 
this great and ſtupendous work, by the moſt ſimple 
means; by a regular deſcent from the ſpiritual to 
the natural world; a continued ſeries proceeding 
from the higheſt to the loweſt, from the pureſt 
motion to inactivity, from the higheſt principles 
of intelligent mind, down to the loweſt, grolleſt, 
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heavieſt matter. Thus were all things ordered in 
infinite wiſdom : cauſes were employed, moſt ſim. 
ple and prolific, to accompliſh the end deſigned, 
Creation was accompliſhed : the earth ſtood com. 


_ plete: the work of divine power reſulting from 


divine wiſdom and mercy. It was made the theatre 
of his goodneſs on which he might diſplay it, and 
communicate it to his various creatures, who thus 
might rejoice in their exiſtence ; and manifeſt his 
praiſe, by enjoying happineſs, and | rifing 1 in perfec- 
tion through endleſs ages. 

Thus was the earth deſigned to be the repo. 
ſitory of the- human race, the ſeminary of men; 
until, full of years and wiſdom, they were ripe for 
a happier change; were prepared to quit the pe- 
riſhing body, and to be tranſplanted into a paradiſe 
of endleſs delights. 

The whole material ſyſtem was alſo a volume 
of divine inſtruction opened to man, in which he 
might read and underſtand, and live for ever; in 
which he might diſcover immenſe benevolence, de- 
fign, and order; and thus be led to underſtand, and 
to adore him who is the ſource all things. 
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LECTURE L. 
ON MacneriSM.* “T wy 


"PHOUGH the phenomena of the magnet have 
for many ages engaged the attention of natu- 
ral philoſophers, both from their ſingularity and 
importance; we are not yet in poſſeſſion of any 
hypotheſis, that will ſatisfactorily account for the 
various properties of the magnet, or point out thoſe 
links of the chain, that connect it with the other 
phenomena of the univerſe. | 
It is known by the works of Plato and Ariſ- 
totle, that the ancients were acquainted with the 
attractive and repulſive powers' of the magnet; 
but it does not appear, that they knew of it's point- 


ing to the pole, or the uſe of the compaſs. That 
property of the magnet, whereby, when properly 


ſuſpended, it turns towards the north pole, renders 


it of the utmoſt ſervice to mankind in general, but 


more particularly to an Engliſhman ; the riches and 
power of whoſe country depend on navigation. 
The powers of the magnet excited the won- 


der af the ancients; they were to them inexplica- 


ble, and remain ſo. Poſterity, inſtead of being 
able to remove the difficulties, have only by their 
reſearches, found out new wonders equally inex- 
plicable. All, therefore, that I ſhall be able to 
do, will be to relate to you the principal qualities 
of this curious phenomenon. * The magnet is a 
proof, that nature has many ſecrets, and that phi- 
lolophy, if contented with preſent knowledge, 
forgoes moſt valuable and intereſting diſcoveries, 
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towards which, perhaps, the previous ſteps are al- 
ready trodden.” From it's action on the compaſs 
in all parts of the world, it is plain, that it's in- 
fluence is univerſal. From our knowledge of this, 
we are naturally led to ſuppoſe, that there may be 
other nvi/ible agents exerting their influence on 
us, and on our globe. 

Let the modern philoſopher,* who denies the 
exiſtence of a God, becauſe he cannot perceive 
him with his corporeal eyes, tell you what mapne- 
ti/m is, and how it exiſts: Let him, who will un- 
derſtand every thing that exiſts, before he allows 
of it's exiſtence, firſt employ himſelf here; and 
when he has given the world a proof of his powers, 
let him attempt an higher ſubject. 

The loadjlone, leading-ftone, or natural mag- 
net, is an iron ore or terruginous ſtone, found 
in the bowels of the earth, generally in iron mines, 
of all forms and ſizes, and of various colours. It 
is endowed with the property of attracting iron; 
and of both pointing itſelf, and alſo enabling a 
needle, touched upon it, and duly poiſed, to point 
towards the poles of the world. 
 __ Loadfſtones are in general very hard and brit- 
tle, and for the moſt part more vigorous in propor- 
tion to their degree of hardneſs. Conſiderable 
portions of iron may be extracted from them, 
Newman ſays, that they are almoſt totally ſoluble 
in ſpirit of nitre, and partially in the vitriolic and 
marine acids. | 
Mr. Kirwan ſays, that the magnet ſeems to 
contain a ſmall quantity of ſulphur, is often con- 
taminated with a mixture of quartz and argill; it 
is poſſible, it may contain nickel, for this, when 
purified to a certain degree, acquires the proper- 

| | | cies 
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ties of a magnet; but it's conſtitution has not as 
yet been properly examined.* 

Artificial magnets, which are made of ſteel, 
are now generally uſed in preference to the natu- 
ral magnet; not only as they may be procured . 
with greater eaſe, but becauſe they are far ſuperior 
to the natural magnet in ſtrength, and communi- 
cate the magnetic virtue more powerfully, and may 
be varied in their form more eaſily, ſo that the na- 
tural magnet is now very little eſteemed, except as 
3 curiobity. Ut 

The power of attracting iron, &c. poſſeſſed 
by the hone. which is alſo communicable to 
iron and ſteel, is called MAGNETISM. It has been 
ſuppoſed, that iron and the loadſtone were the 
only two bodies which could be rendered magne- 
tical ; but it now appears, that nickel, when puri- 
fied from | iron, becomes more inſtead of leſs mag- 
netic, and acquires, what iron does not, the pro- 

perties of a magnet. 1 

A rod or bar, of iron or ſteel, to which a per- 
manent polarity has been communicated, is called 
a magnet, 

The points in a magnet which . to poſſeſs the 
greateſt power, or un which the virtue ſeems to be 
concentrated, are termed 7he poles of a magnet. 

The magnetical meridian is a vertical circle in 
the heavens, which interſects the horizon in the 
points to which the magnetical needle, when at 
reſt, 1s directed. 

The axis of a magnet is a right line, which 
paſſes ſrom one pole to the other. 

The equator of a maguetl is a line perpendicular 
to the axis of the magnet, and exactly between 


the two poles. 
E +, PHE 


* Kirwan's Elements of Mineralogy, Pp. 27's 
Ly Ibid, p. 369. 5 


quantity of iron, on bringing a magnet in con- 
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The diſtinguiſhing and characteriſtic proper. 
ties of a magnet, are, 

Firſt, It's attractive and repulſive powers. 

Secondly, The force by which it places itſelf, 
when ſuſpended freely, in a certain direction to- 
wards the poles of the earth. 

Thirdly, It's dip or inclination towards a 
point below the horizon. 

Fourthly, The property which it poſſeſſes of 
commu nicating the foregoing n, to iron or ſteel. 


Or THE TENDENCY OF IRON AND 4 Macyer TO 
APPROACH EACH OTHER, 


This curious property of the magnet was that 


by which it was firſt diſcovered, and by which it 


engaged the attention of the curious. 

Every ſubſtance that contains iron, is more or 
leſs attracted by the magnet. And ſo univerſally 1s 
this metal diſſeminated, that there are very few 
ſubſtances that are not in ſome degree capable of 
being attracted by the magnet. You will find it 
in animals, vegetables, minerals, andeven in the air.* 

Iron is attracted with different degrees of force, 
according to the different ſtates of it's exiſtence ; 
but it never becomes quite inſenſible to the mag- 
netic power, Even the pureſt calx, or the com- 
pleteſt ſolution ever made of the metal, when ac- 
curately examined, 1s found to be in ſome degree 
obedient to the magnet. 


To ASCERTAIN WHETHER A BoDY HAS ANY IRON, 
OR IS CAPABLE OF BEING ATTRACTED BY THE 
MAGNET, 


If the given body contains evidently a large 


tact 
0 0 on Magnetiſm, p. 66. 
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tat therewith, you will find them adhere ſo ſtrongly 
as to require a certain degree of force to ſeparate 
them. If the body be not ſenſibly attracted by the 
magnet in this way, then you may float it by a 
piece of wood or cork on water; in this ſituation 
it is more eaſily acted on, and conſequently ſrnall 
uantities of iron are readily diſcovered. The 
magnet ſhould be preſented ſideways to the body, 
and when it is at reſt, it is ſometimes neceſſary to 
bring the magnet within one tenth of an inch diſ- 
tance from the ſwimming body in order to perceive 
the attraction. | ; | 

A till ſmaller degree of attraction may be 
diſcovered by placing the given body upon quick- 
ſilver, and then preſenting a magnet to it. The 
veſſel, in which the quic kſilver is contained, ſhould 
be at leaſt ſix inches in diameter, otherwiſe the 
curvature of the fluid will be perpetually carrying 
the body towards the ſides of the veſſel. The 
quickſilver ſhould be pure, and occaſionally cleared 
by paſſing it through a funnel of clean writing 
paper; the ſmaller the aperture of the funnel, the 
better it will anſwer the purpoſe. The air ſhould 
be agitated as little as poſſible. Attending to theſe 
precautions, you will ſeldom fail to diſcover whe- 
ther a body contains any ferruginous particles. 

I place a piece of iron on a cork, and put the 
cork into a baſon of water. I preſent a magnet 
to it, and it is attracted thereby, and follows the 
magnet, ſo that I can move it without touching, 
wherever I pleaſe. On this principle, many in 
genious and entertaining pieces of mechaniſm have 
been contrived, - £0 

The tendency between the magnet and the 
iron is reciprocal; for, if the magnet be put on 
the cork, it will follow the iron in the ſame man- 
ner, as this followed the magnet. And this attrac- 
tion takes place, although a picce of paper, glaſs, 
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braſs, &c. be interpoſed between the magnet and 
the iron. | 

The reciprocal tendency of iron to a magnet, 
and of a magnet to iron, is pleaſingly illuſtrated 
by ſuſpending a magnet under the ſcale of a bal. 
lance, and counterpoiſing it by weights in the 


other ſcale; when thus counterpoifed, bring a 


piece of iron towards it, and the magnet will im- 
mediately deſcend. Reverſe the experiment, by 
ſuſpending the iron from the ſcale, and the iron 
will now deſcend and follow the magnet. 

I place a magnet upon a ſtand, to raiſe it ſome 
diſtance from the table; I ſhall bring a ſmall ſew. 
ing needle towards it, keeping the thread which 
is in the needle in my hand, to prevent the needle 
from fixing itſelf to the magnet ; and the needle 
endeavouring on one hand to fly to the magnet, 
and being withheld on the other by the thread, re- 
mains pleaſingly ſuſpended in the air. 

Mathematicians have endeavoured to com- 


pute the force with which the magnetic attraction 


acts at different diſtances, but hitherto without 
ſucceſs. No law has been aſcertained, upon which 


any dependance can be placed. 
Though many experiments have been made to 


diſcover, whether the force by which two magnets 


are repelled or attracted, acts only to a certain 
diſtance; whether the degrees of it's action with- 
in, and at this diſtance, is uniform or variable, 


and in what proportion, to the diſtances it increaſes 


or diminiſhes ; yet we can only infer from them, 
that the magnetic power extends further at ſome 
times, than it does at others, and that the ſphere 
of it's action is variable. 

The ſmaller the loadſtone or the magnet is, 
the greater is it's force, cœleris paribus, in pro- 
portion to it's ſize. When the axis of a magnet 


is ſhort, and of courſe it's poles very near, their 
| action 
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action on each other weakens the magnetic force. 
A variety of other cauſes will alſo occaſion great 
irregularity in the attraction of magnetiſm. The 
attraction is, as I ſhall ſnew you, always ſtrongeſt at 


the poles of the magnet; and moſt ſo when the 


body is near the magnet, but diminiſhes, as either 
recedes from the other. It appears alſo from ex- 


periment, that a magnet attracts another magnet 


with leſs ſorce, than it does a piece of iron. 
Or ThE PoLESs or a MacNEr. 


It has been already obſerved to you, that 
there are certain points of a magnet called the 
poles, which are poſſeſſed of the greateſt magnetic 
force, and in which it's virtues ſeem as it were 
to be concentrated. This I ſhall prove by an 
eaſy experiment: here is a parcel of ſmall iron balls; 
I ſhall try what number of theſe the magnetic bar 
will ſuſtain at different places, and you find that it 
ſupports the greateſt number near the ends; this 
will anſwer our purpoſe in the firſt inſtance; you 
w1ll find this further confirmed by the ſubſequent 
experiments, deſigned to point out, with accuracy, 
the ſituation of the poles of a magnet,  _ 

I have covered a pane of glaſs with writing 
paper, that the difference in colour may enable 
us to diſcern more diſtinctly what effeA a magnet 
has on ſteel filings ſtrewed over the paper; I place 


this pane over a magnet, ſift ſome ſteel filings 
thereon; theſe you ſee arrange themſelves in a very 


curious manner; thoſe points from which the 
curves ſeem to riſe, and over which the filings 
ſtand in an erect poſition, are the poles of the 
magnet. 7 

Here is a ſmall needle incloſed in a glaſs ball ; 
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be perpendicular to the bar, when it is over either 
of the poles. 

The poles of a magnet may be aſcertained with 
great accuracy by means of a ſmall dipping needle 
(Fg. 7, pl. 2, Electricity); place this on a magnet, 
and move it backwards and forwards till the needle 
1s perpendicularto the magnet, 1t will then point di- 
rectly to one of the poles. When it is between the 
north and ſouth poles, ſo that their mutual actions 
ballance each other, the center of the needle will 
ſtand over what is called the equator of the mag- 
net, and the needle will be exactly parallel to the 
bar ; between this ſituation and the poles, it inclines 
to the bar in different angles, according to it's 
diſtance from the poles. 


Or THE AcTion or THE MAGNETIC PoLts on 
EACH OTHER, 


In the action of the magnetic virtue, at the 
poles, there is a ſtrong ſimilarity with that of elec- 
tricity ; thus the contrary, or north and ſouth poles 
of two magnets a/traf each other, but poles of 
the ſame name, as two north or two ſouth poles, 
repel each other. 

_ Suſpend on a point a touched needle, then 
preſent towards it's north pole the ſouth pole of a 
magnet, and it will be attracted by, and fly to- 
wards it; preſent the other pole of the magnet, 
and the peedle will fly from it. 

Strew a few ſteel filings upon a pane of glaſs, 
put either the north or ſouth pole of one of the 


bars under the pane ; the filings will rife upon the 


glaſs as the magnet approaches. Bring the ſame 
pole of the other bar directly over that under the 


glaſs, and when it is at a proper diſtance, the ſteel 


filings will drop fiat on the pane, 
Fix 
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Fix two needles horizontally i in two pieces of 
cork, and put them in water; if the poles of the 
ſame name are placed together, they will mutually 
repel each other. If the poles of a contrary deno- 
mination are turned towards each other, they will 
be attracted and join. 

Dip the north or ſouth ends of two magnets 
in ſteel filings, which will hang in cluſters from the 
end of the bars; bring the ends of the bars towards 
each other, and the ſteel filings on one bar, will re- 
cede from thoſe on the other. Dip the ſouth pole 
of one magnet, and the north pole of the other, 
into ſteel filings, and bring the ends near to each 
other, and the tufts of filings will unite, forming 
ſmall circular arches. 


Tu AcTION N THE MAN RTI POLES RENDERED 
VISIBLE BY STEEL FILINGS, 


I place the laſs pane covered with paper 
over a magnetical bar, and ſtrew it over with ſteel 
filings ; on ſtriking the glaſs gently, the filings diſ- 
poſe themſelves in ſuch manner, as to repreſent 
with exactneſs the courſe of the magnetic matter. 
The curves, by which it ſeems to go from pole to 
pole, are pleaſingly indicated by the arrangement 
of the filings; the largeſt curves riſe from one 
polar ſurface, and extend to the other; they are 
larger in proportion as they riſe nearer the axis or 
center of the polar ſurface; the interior curves are 
| ſmaller and ſmaller in proportion to their diſtance 
from the end, ſee fig. 8, pl. 2. The greater the diſ- 
tance between the poles of a magnet, the larger are 
the curves which ariſe from the polar ſurface. 

Let two magnets be placed in a ſtrait line 
at a ſmall diſtance from each other, the ſouth pole 
of the one oppoſed to the north of the other ; lay a 
pane of glaſs . over them, ſprinkle it with ſteel 

| filings, 
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filings, and then ſtrike -the pane gently with a 
key, and the filings will arrange themſelves in the 
direction of the magnetic virtue; thoſe that lie 
between the two polar ſurfaces, and near the com. 
mon axis, are diſpoſed in ſtrait lines, going from 
the north pole of one, to the ſouth pole of the other, 
as if uniting and joining together, fig. 9, pl. 2. 

Place two north or two ſouth poles under a 
pane of glaſs, on which iron filings have been 
ſtrewed, andthe filings will be diſpoſed into curves, 
which ſeem to turn back and avoid each other, 
fig. 10, pl. 2. 

In magnetiſm, as well as in electricity, it is 
not the mere matter that is attracted, but the ſtate 
of the magnetic fluid therein, fo that be body 
always becomes magnetic before it is atlrated ; and 
hence there is no magnetic attraction, but betw een 
the contrary poles of du magnets. 

When a piece of iron, or any other ſubſtance 
that contains iron, is brought within a certain 
diſtance of a magnet, the powers thereof are ſe- 
parated, and it becomes ilſelf a magnet, having poles, 
attractive power, and every property of a real mag- 
net, That part which 1s en the magnet has 
a contrary polarity. 

The magnetiſm that Mt iron acquires, when 
placed within the influence of a magnet, only laſts 
while it continues in that ſituation, but diſappears 
as ſoon as it is removed. But with hard iron, and 
particularly with /tee/, the caſe is quite difter- 
ent. For the harder the iron, or the ſteel, the 


more ee is the magnetiſm it acquires; but 


ſo more difficult to render it magnetic. 
Thus, if two pieces, one of ſoft iron, the other 
of hard ſteel, but both of the ſame ſhape and ſize, 
be brought within the influence of a magnet, and 
at the ſame diftance, you will find the iron appear 


more magnetical than the flee]; but when the 
magnet 


it is a 
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magnet is removed, the ſoft iron inſtantly loſes it's 
magnetiſm, whereas the ſteel will preſerve it tar 
a long time. 

A magnet will therefore attract ſoft iron 
more forcibly than hard iron, becauſe i it can render 
it more ſtrongly magnetical. _ 
| In the foregoing experiments, the ſteel filings 
became ſo many little magnets, with contrary 
poles. On the ſame principles, a large key, or any 
other untouched piece of iron, will attract and 
ſupport a ſmall piece of iron, while it is near the 
pole of a magnet, but will let it fall when removed 
therefrom. | 

A ball of ſoft iron in contact with a magnet, 
will attract a ſecond ball, and that a third, till the 
influence becomes too weak to ſupport a greater 
weight. 

Here is a ſmall whirligig, fig. 11, pl. 2, with 
an iron axis; I ſpin the whirligig, and then take 
it up by a magnet, and you will not only find that it 
will continue ſpinning longer than if it were left 
to whirl on the table, but a ſecond and third 
whirligig may be ſuſpended one under another, 
and yet continue in motion. The number ſuſ- 
pended depends on the ſtrength of the magnet. 


Or MacNETIe CENTERS. 


There is a point between the two poles, where 
the magnet has 10 altraction nor repulſion ; this 
point is called the magnezic center, though it is not 
always exactly between the two poles. 

Paſs the dipping needle, fig. 7, pl. 2, over a 
mganetic bar, and you will find a place between the 
two poles, where the needle will be parallel to the 
bar but if you remove it ever ſo little from thence, 


it immediately inclines towards the poles, and 
| when 
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when over either pole, is perpendicular to the 
bar. 
This effeR is alſo pleafingly exhibited, by ſur- 
" rounding a magnet with ſmall compaſs needles. 
1 place the needles on theſe braſs ſtands, ſo that 
they may be nearly in the ſame place with the bar, 
and you ſee thoſe near the ends incline towards the 
pole, but that the two needles near'the middle of 
the bar are parallel thereto, not inclining to either 
pole, ſee fig. 12, pl. 2. You may alſo obſerve, that the 
north pole of the magnet attracts the ſouth poles of 
all the needles, and the ſouth, the north of the 
needles. 
Lay a number of magnetic bars in a ſtrait line 
with the north and ſouth poles together, paſs the 
dipping needle over them, and you will find a 
magnetic center at each place of contact, the union 
of the two powers deſtroying their action; ſeparate 
them, and you have the north and ſouth poles as at 
firſt. 
Upon the ſame chitin; if a magnetic bar 
be broken into any two parts, each part becomes a 
magnet, having two poles ; the ends of each, next to 
where it was broken acquiring a polarity contrary 
to the other end. Place a magnetic needle 
upon one of the ſtands, and when the needle is 
fteady, place an iron bar of about eight inches 
long, and between a quarter of an inch and one 
inch thick, upon the ſtand, ſo that one end of it 
may be on one ſide of the north pole of the needle, 
and fo near it as to draw 1t a little way out of it's 
natural direction. In this ſituation, approach gra- 
dually the north pole of a magnet, to the other 
extremity of the bar, and you will ſee that the 
needle's north end will recede from the bar more 
and more, in proportion as the magnet is brought 
nearer to the bar. If the experiment be repeated, 
with only this difference, viz. that the ſouth pole 
I of 
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of the magnet be diredted towards the iron bar, 
then the north end of the needle will advance near- 
er and nearer to the bar, in proportion as the 
ſouth extremity of the magnet is brought nearer to 
the iron. | „ 

The reaſon of this phenomenon is, that, by 
the approach of the north pole of the magnet, in 
the firſt caſe, the extremity of the iron bar, which 
lies next to it, acquires a ſouth polarity, and of 
courſe the oppoſite extremity acquires the north 
polarity; in conſequence of which, the needle is 
repelled, becauſe magnetic poles of the ſame name 
repel each other; but in the ſecond caſe, when 
the ſouth pole of the magnet is brought near the 
bar, the end of the bar, which is next to it, ac- 
quires the north polarity, and the oppoſite end ac- 
quiring the ſouth polarity, attracts the north end 
of the needle. | | | 

If, whilſt the pole of the magnet ſtands con- 
tiguous to one end of the bar, a ſmall magnetic 
needle be preſented within a, certain diſtance to 
various parts of the ſurface of the latter, it will be 
obſerved, by the attraction and repulſion of the 
needle, that that half of the bar which is next to 
the magnet, poſſeſſes the contrary polarity, and the 
other half the ſame polarity with the pole of the 
magnet that is applied to the iron. ] 

The magnetic center, however, or the limit 
between the polarities, is not always in the middle 
of the bar; it is generally nearer that end which is 
preſented to the magnet. This difference is great 
er as the magnet is weaker, and the length of the 
bar increaſes; but when the bar exceeds a certain 
length, which depends on the ftrength of the mag- 
net, then the bar acquires ſeveral ſucceſſive poles, 
viz. when the north pole of the magnet 1s conti- 
guous to one of it's extremities, that extremity be- 

comes 
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comes a ſouth pole; a few inches farther on you will 


have a north polarity, then another ſouth polarity, 
and ſo on. In this caſe, the firſt magnetic center 
comes very near that end of the bar which ſtands 
next to the magnet, and other magnetic centers 
are formed between every pair of ſucceſſive 
poles. 

| Thoſe ſucceſſive poles become weaker and 
weaker in power, according as they recede from 
that end of the bar which is contiguous to the 
magnet; ſo that in a pretty extended bar, they 
quite vaniſh long before they come to the farther 
end of it; hence, if one pole of a magnet be ap- 
plied to the end of a long bar, the other end of 
the bar will not thereby acquire any magnetiſm. 
This will happen, when a magnet, capable of lift- 
ing about two pounds weight of iron, is applied to 
one extremity of an iron bar, about one inch ſquare, 
and about five feet Jong. On removing the mag- 
net, the bar, if of ſoft iron, will immediately loſe 
all it's magnetiſm ; otherwiſe will retain it a 
longer or ſhorter time, in proportion to 1t's hard- 


neſs. 


To RENDER IzoN AND STEEL MAGNETIC, 


The communication of the magnetic power 
to iron and ſteel bars, is termed by artiſts touching 
a needle, a bar, &c. To give a detail of the vari- 
ons proceſſes, uſed by different artiſts, for com- 
municating magnetiim to iron, would take up too 
much of our time; I ſhall therefore only mention 
two methods, which you will find adequate to 
every common purpoſe. 


I firſt place two magnets,*A,B, 2 13, Pl. 2, in a 
ſtrait 


The longer and Rrovger 8 af, the better they will 
anſwer the purpoſe. 


1 ů . Fr pot gn” 3 
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ſtrait line, the north end of one oppoſed to the 
ſouth end of the other, but at ſuch a diſtance that 
the bar to be touched may reſt upon them, takin 
care that the end I deſigned for the ſouth, be laid 
upon the north end of one bar, and the north end 
on the ſouth pole of the other bar. 
4 I now take two other bars, D and E, 4 

apply the north end of D, and the ſouth end of E, 
to the middle of the untouched bar LC elevating 
their other ends ſo as to form an acute angle with 
the ſaid bar. I now ſeparate D and E, drawing 
them different ways along the ſurface of the bar 
C, but preſerving the ſame elevation all the way; 
1 remove D and E to the diſtance of a foot or 
more from the untouched bar C, and bringing the 
north and ſouth ends in contact, I apply them 
again to the middle of the bar C, and ſhall repeat 
the proceſs three or four times; after which I ſhall 
touch the other three ſurfaces in the ſame manner, 
and the bar will thereby have acquired a ſtrong and 
permanent magnetiſm, This was one of the methods 
uſed by Dr. ' Knight, who firſt taught us the great 
advantage that might be obtained from the ufe-of' 
magnetic bars, giving by their means a magnet- 
iſm to compaſs needles double in force to that 
which the-ſtrongeſt natural loadſtone could commu- 
nicate. He was the firſtalio who found the way of 
working on the natural magnet, fo as to increaſe . 
it's power in a great degree, and of inverting | 
it's poles at pleaſure. 

'You may readily communicate the virtue to 
untouched bars by a horſe-ſhoe magnet,* either 
ſingle or compound; the bar to be touthed ſhould 
be laid on two other magnets, as in the preceding 
caſe; the horſe-ſhoe magnet muſt be placed on 
the middle of the untouched bar, with the north 
end towards that you deſigned to be the ſouth; 

Vor. IV. — 8 | you 


Fig. 15, pl. 2, repreſents a horſe-ſhoe etz 
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you are then to draw it backwards and forwards 
over the bar five or ſix times, but be careful when 
you remove it that it is at that time over the mid- 


dle of the bar. The ſame operation is to be uſed 


with the other ſurfaces of the bar. 

A ſmall compaſs needle may be touched, by 
being put between the oppoſite poles of two 
magnetic bars; while it is receiving the magnetiſm, 
it will be violently agitated, moving backwards 
and forwards as if it were animated; when it has 
received as much magnetiſm as it can acquire in 
this Way, it becomes quieſcent. 


To Touch a HoRksk-ShOE Macxer. 


Place a pair of magnetic bars. againſt.the ends. 
of the horſe-ſhoe magnet, with the ſouth end of 
the bar againſt. that end of the horſe-ſhoe, which 
is intended to be the north; and the north. end: 
of the other bar to that which | is to be the ſouth: 
the contact or lifter of ſoft iron to be placed at 
the other end of the bars. In this ſituation the 
magnetic fluid which circulates through the bars 
will endeavour to force a paſſage, through the. 
horſe-ſhoe magnet, and thus facilitate the further 
communication of the magnetic virtue. to the 


horſe-ſhoe magnet: to this end, rub the ſurfaces 


of the horſe-ſhoe with a pair of bars placed in 
the form of a compaſs, or with another horſe-ſhoe 


magnet, turning the poles properly towards the. 


poles of the horſe-ſhoe magnet, being careful that 
theſe bars never toych the ends of the ſtrait bars, 
as this would diſturb the current of the magnetic 
fluid, and injure the operation. If the bars are 
ſeparated ſuddenly from the horſe-ſhoe magnct, 
it's force will be conſiderably diminiſhed; to 
prevent this, ſhp on the lifter or ſupport to the 
end of the horſe-ſhoe magnet, but in ſuch a 


manner, however, that, it may not touch the bars; 
the 
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the bars may then be taken away; the ſupport flid 
to it's place, and left there to ſtrengthen the cir- 
culation of the fluid. 


Towmaxea MacnetIcaL Bak wiTH SEVERAL Pol xs. 


Place magnets at thoſe parts where the poles 
are intended to be, the poles to be of a contrary 
name to thoſe required ; and if a ſouth pole is 
fixed on one part, the two next places muſt have 
north poles fet againſt them ; conſider each piece 
between the ſupporters as a ſeparate magnet, and 


touch it accordingly. 


The difference in the nature of: ſteel with 
reſpect to receiving magnet iſm, is exceeding great, 
as is eaſily proved by touching in the ſame man- 
ner, and with the ſame bars, two pieces of ſteel 
of equal ſize, but of different kinds. With ſome 
ſort of ſteel a few ſtrokes are fufficient to impart 
to them all the power they are capable of retain- 
ing; other ſorts require a longer operation; ſome- 
times it is impoſſible to give them more than a juſt 


ſenſible degree of magnetiſm. ; 


Steel, that is hardened, receives a more per- 
fea magnetiſm than ſoft ſteel, though it does not 
appear that they differ from each other in any 
thing but the arrangement of the parts; perhaps 
the ſoft ſteel contains phlogiſton in it's largeſt 
pores, while hardened ſteel contains it in the 
ſmaller. Iron and. ſteel have very little air 
Incorporated in their pores; when they are ſe- 
parated from the ore, they are expoſed to a 
moſt intenſe degree of heat; and moſt of. the 
changes to which they are afterwards ſubmitted, 
are effected in a red-hot ſtate. A piece of ſpring- 
tempered: ſteel will not retain as much magnet= 
iſm as hard ſteel, ſoft ſteel ſtill leſs, and iron 
ſcarce retains any. From ſome experiments of 
Mr. Muſſchenbroek, it appears, that when iron is 
e 1 united 


Fd 
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united-with an acid, it will not become magneti- 


cal; but if the acid be ſeparated, and the phlo- 
giſton reſtored, it will become as magnetical as 
ever. ” „ 
In communicating magnetiſm, it is beſt to 
uſe weak magnets firſt, and thoſe that are ſtronger 
afterwards; but you muſt be very careful not to 
uſe weak after ſtrong magnets. g 
A magnet can never communicate a greater 
power than itſelf poſſeſſes, or even of an equal de- 
gree ; bub as ſeveral magnets of nearly an equal 


degree of magnetiſm, by being joined together, 


have a ſtronger power than either of them ſingly; 
in order to impart a ſtronger magnetic power to a 
given body A, by means of a weak magnet B, you 
muſt firſt render ſeveral bodies C, D, E, F, &c. 
weakly magnetic, and then by properly joining 
C, D, E, F, together, you may communicate to 
another body, or ſeveral bodies, a ſtronger mag- 
netiſm, and thus by degrees be able to com- 
municate to A, the deſired degree of magnetic 
power. | 55 
A magnet loſes nothing of it's own power by 
communicating magnetiſm to other ſubſtances, 
but is rather improved thereby. ; „ 
If bars of iron are heated, and then cooled 
equally, in various directions, as parallel, per- 


pendicular, or inclined to the dipping needle, 


the polarity will be fixed according to their poſi- 
tion, ſtrongeſt when they are parallel to the dip- 


ping needle, and ſo leſs by degrees, till they are 


perpendicular to it, when they will have no fixed 


polarity; but if, upon cooling a bar of iron in 


water, the under end is conſiderably hotter than 
the upper, and the upper end is cooled firſt, it 
will ſometimes become the north pole, but not 
always. If iron, or ſtecl, undergo a violent al- 
trition in any one particular part, it will acquire 
a polarity; if the iron is ſoft, the magnetiſm re- 

| | mains 
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mains very little longer than while the heat con- 
tinues. Lightning is the ſtrongeſt power yet 


known in producing a ſtream of magnetiſm ; it 


will, in an inſtant, render hardened ſtcel ſtrongly 
magnetical, and invert the poles of a magnetic 


needle. 


Every kind of violent percuſſion weakens the 
power of a magnet. A ſtrong magnet has been 
entirely deprived of it's virtue by receiving ſeveral 


| ſmart ſtrokes of a hammer; indeed, whatever 


deranges or diſturbes the internal pores of a 


magnet, will injure it's magnetic force, as the 
bending of touched iron, wires, &c. 


Fill a ſmall dry glaſs tube with iron 1 1 
preſs them in rather cloſe, and then touch the tube 


- as if it was a ſteel bar, and the-tube will attract 


a light needle, &c. ;. ſhake the tube ſo that the 
ſituation of the filings may be diſturbed, and the 


magnetic virtue will vaniſh. 
But though a violent percuſſion will deſtroy 


a fixed magnetiſm, yet it will give polarity to an 


iron bar which had none before; for a few ſmart 


ſtrokes of an hammer, on an iron bar, will give it 
a polarity, and by hitting firſt one end of the bar, 
and then the other, while it is held in a vertical 
ſituation, the poles may be changed. Twiſt a long 


piece of iron wire backwards and forwards ſeveral 


times, then break it off at the twiſted part, and 
the broken end will be magnetical. | 

The pole of a magnet always produces the 
contrary polarity on a bar to which it is applicd: 


therefore, if two bars fully touched. have the poles 
of the ſame name joined together, they tend to 


produce on each other a force of a contrary name 
to that with which they are endowed; and this ef- 
fect will diminiſh the polar force of each bar; 
COnRqQuently the e force of each longitudi- 
Gg3 ; nal 
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nal element of an artificial magnet diminiſhes ay 
it's bulk is increaſed, and the total force of two 
magnets fully touched, and of the ſame length but 
unequal in bulk, will be in a leſs ratio than that 
of their maſs. | | 3 
If the magnet does not touch the bar, but is 
held at ſome diſtance from it, the phenomena will 
be the ſame; but the bar will acquire leſs mag- 
netiſm than when it was in contact with the mag- 
net. HET 7 
Each point of a magnet may be looked on as 
the pole of a ſmaller magnet, tending to produce 
on the points of the magnet a force contrary to it's 
own, The effect of this tendency will be greater, 
in proportion to the force of the point, and-it's 
nearneſs to thoſe points on which jt acts; and the 
force of a magnet will depend on the reciprocal 
action of theſe points on each other. | 
Hence a narrow bar will in general be more 
powerful than a broader one ; and hence alſo the 
exterior edges and points of a magnet will have 
more power than the interior ones of the ſame 
bar. 2 
Hence alſo magnets ſhould never be left with 
two north or two ſouth poles together; for when 
they are thus placed, they diminiſh and deſtroy 
each other's magnetiſm. Magnetic bars ſhould 
therefore be always left with the oppoſite poles 
laid againſt each other, or by connecting their 
oppoſite poles by a bar of iron, The magnetic 
power is increaſed in a magnet, by letting a piece 
of iron remain attached ro one or both of it*s 
poles. A ſingle magnet ſhould therefore be always 
Ts, 
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As both magnetic poles together attract a 
much greater weight than a ſingle one, and as the 
| | two 
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two poles of a magnet are generally in oppoſite 
parts of it's ſurface, in which fituation it is almoſt 
impoſſible to adapt the ſame piece of iron to both 
at the ſame time; two ſoft pieces of iron are ap- 
plied to the poles of a loadſtone, ſo as to project on 
one ſide the magnet; theſe pieces being rendered 
magnetic, another piece of iron can be convenient- 


ly adapted to theſe projections, ſo as to let both 


poles act at the fame time. The magnet in this 


caſe is ſaid to be armed, the pieces of iron are 


called the armature, the piece of iron that con- 
nects the poles is termed the /ifter.* 

To avoid the expence and trouble of the ar- 
mature, artificial magnets have been made in the 
ſhape of an e of which I have already 
8 

Gaſſendi invented a peculiar kind of armour, 
by piercing a loadſtone in the direction of the axis, 
and placing a cylinder of iron in the hole, which 
augmented conſiderably the force of the magnet. 

Here is a ſtrait magnetic bar, the north pole 
of which ſupports four ounces. T apply another 
magnet againſt it, but fo that the north pole there- 


of is about half an inch from the pole of the 


other, and it will now ſuſtain near ſeven OUNCES. 


Or Tur MAGNETISM OF THE EARTH, 


What has been uſually termed the magnetiſm 


of the earth, might with more propriety be termed 
the magnetiſm of the atmoſphere, Even the ex- 
periments uſually adduced to prove the magnetiſm 
of the earth, are full proofs that it is an aerial in- 
fluence ; as you will perceive by the account I am 
going to give you, of the experiments brought in 

ſupport of the earth's magnetiſm. 
Mr. Savery has adduced ſeveral inſtances to 
ſhew the force and action of the earth's magnet- 
Gg 4 . iſm 


* Fig. 14, pl. 2, repreſents an armed magnet. 
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iſm; among others, that it will ſupport ſmall 
pieces of iron. He hung up a bar of iron, about 
ive feet long, by a loop of ſmall cord, at the up- 
per end, and then carefully wiped the lower end, 
and the point of a nail, that there might be no 
duſt or moiſture to prevent a good contact; then 
holding the nail under the bar, with it's point up- 
ward, he kept it cloſe to the bar, holding only one 
finger under it's head for the ſpace of thirty or 
more ſeconds; then withdrawing his finger gently 
downwards that the nail might not vibrate; if it fell 
off, he wiped the point as before, and tried ſome 
other part of the plane at the bottom of the bar. 
If the ends are ſimilar, and the bar has no perma- 
nent virtue, it is indifferent which end is dow n- 
wards; if it has an imperfect degree of polarity, 
one nad will anſwer better than the other. | 
Ihe upper end A, of a long iron rod, which 
has no fixed polarity, ma attract the north end of 
a magnetic needle; the under end B repels the 
north end of the needle; invert the iron bar, and 
the. end B, which is now the upper one, will 
attract the north pole of the needle it repelled be- 
fore, The caſe is the ſame, if the bar is placed 
horizontally i in the magnetic meridian, the end to- 
wards the ſouth will be the north pole. 
The explanation of this curious phenomenon 
is eaſily deduced from the foregoing obſervations; 
for, ſince in theſe northern parts the earth is poſ- 
ſeſſed of a ſouth magnetic polarity, the loweſt part 
of the iron bar, by being neareſt to it, muſt ac- 
quire the contrary, namely the north polarity; the 
other extremity of the bar becoming a ſouth pole. 
It follows, likewiſe, (and it is confirmed by 
actual experiment, ) that. in the ſouthern parts of 
the earth, the loweſt part of the bar acquires the 
ſouth polarity; that on the equator the bar muſt be 
kept horizontal, in order to let it acquire any. mag- 
netiſm from the earth; and that, even in theſe 
parts 
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parts of the earth, the moſt advantageous ſituation 
of the bar is not the perpendicular, but that a 
little inclined to the horizon. In ſhort, in every 
part of the world jit muſt be placed in the mag- 
net ical line, viz, in the direction of the dipping 
needle. If the iron bar, inſtead of being kept in 
the magnetical line, be placed in a direction per- 
pendicular to it, then it will. acquire no magnet- 
iſm, becauſe in that ſituation the actions of both 
poles of the carth upon each extremity of the bar 
are equal. If, inſtead of the above-mentioned two 
directions, the bar be placed in any other poſition, 
then it will acquire more or leſs magnetic power, 
according as it approaches nearer to the former or 
to the latter of the ſaid two directions. 
Iron bars of windows, which have remained 
: long i ina vertical poſition, acquire a fixed polarity. 
Mr. Lewenhoek mentions an iron croſs, which had 
acquired a very ſtrong polarity. Mr. Canton pro- 
poſed to make artificial magnets without the aſ- 
ſiſtance of natural ones; but in this he was miſ⸗ 
taken, for his poker and tongs were natural mag- 
ncts, and had their verticity fixed by being heated 
and cooled in a vertical poſition; and an iron or 
ſteel bar, though without à verticity, while it re- 
mains in that poſition, exerts a polarity, and is 
able to communicate a fixed verticity to the ſmall 
bar, and is therefore for the time a natural mag- 
net. And further, every iron bar, from the largeſt 
ſize to a ſixpenny nail, will exert this power when 
treated as above-mentioned. But how this power 
is raiſed ſo ſoon to a degree greatly exceeding that 
which communicated it, we do not know; nor is 
it more eaſy to account for the facility with which 
the magnetic power is withdrawn by a friction con- 
trary to that which gave it. | 7 


Or Tus ee PROPERTY OF MAGNETS. 


Let an iron rod be exactly ballanced and ſuſ- 
1 pended 


i 
j 
: 
/ 
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pended on a point, ſo as to revolve in a plane pa- 


rallel to the horizon; communicate the magnetie 
virtue to this rod, and the extremity will be al. 
ways directed lowards the north. | 
Here is an untouched magnet. I place it on 4 
point, and you may obſerve that I can make it reſt 
in any given fituation; I ſhall communicate the 
magnetic virtue to it, and you will then find it no 
longer indifferent as to it's ſituation, but it will fix 
upon one in preference to any other, one end al. 


ways pointing to the north. SH, 


Whenever a magnet can move itſelf freely, 
as if it be ſuſpended by a fine thread, or if it be 
made to float on water by means of a piece of 
cork, or if it be ballanced on a point, provided it be 
not diſturbed by the vicinity of ined ; It will always 


place itſelf fo as to direct it's north pole towards 
the north, and the ſouth pole towards the ſouth. 


- Thedirective power of a touched needle is of 


the greateſt importance to mankind; it enables the 


mariner to traverſe the ocean, and thus unites the 
arts, the manufactures, and the knowledge of diſ- 
tant countries, together. The ſurveyor, the miner, 
and the aſtronomer, derive many advantages from 
this wonderful property. 

The mariner's compaſs conſiſts of three parts, 


the box, the card or fly, and the needle. 


The card is a circle of ſtiff paper repreſent- 
ing the horizon, with the points of the compaſs 
marked on it; the magnetical needle is fixed to the 
under ſide of this card; the center of the needle 
is perforated, and'a cap, with a conical agate at 
it's top, is fixed in this perforation; this cap is 
hung on a ſteel pin, which is fixed to the bottom 
of the box, ſo that the card hanging on the pin 
turns freely round it's center; one of the points 
being from the property of the needle always di- 
rected towards the north pole. The box, which 
contains the card and needle, is a circular braſs 

N | box 
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box bung within a ſquare ode one, by rd con- 
centric rings called jimbals, ſo fixed by croſs cen- 
ters to the Two boxes, that the inner one ſhall re- 
tain an horizontal poſition in all motions of the 
ſhip. The top of the inner box has a cover of 
glaſs to prevent the card from being diſturbed by 
the wind. Before the compaſs was invented, the 
navigating of ſhips was a tedious and precarious 
operation, and ſeldom performed out of ſight of 
land; but this inſtrument enables the mariner to 
travel over the ſeas almoſt in as direct and true a 
tract, as the land carrier directs his carriage in 
a well beaten road. 

It has been already obſerved, that the ancients 

do not ſeem to have been acquainted with the di- 
rective power of the magnet. The only thing 
that ſeems capable of being miſtaken for ſome 
ſuch knowledge, is what Jamblichus tells us in 
his life of Pythagoras, That Pythagoras took from 
Abaris, the Hypertorean, his golden dart, without 
which it was impaſſtble for him to find his road. But 
the authority of the writer, as well as the obſcu- 
rity of the paſſage, prevents any concluſion being 
drawn from it. 

Pau the Venetian is ſaid to have introduced 
the uſe of the compaſs in 1260; but this is ſaid 
not to have been his own invention, but borrowed 
from the Chineſe. P. Gaubil ſays, the directive 
power of the needle was known to the Chineſe as. 
early as the year A.D. 22 3,underthe dynaſtyof Haz. 
But the Abbe Renaudot, in his Diſſertation on the 
Stone, when the Mahomedans went firſt to China, 
has adduced ſtrong reaſons to prove, that the Chi- 
neſe knew nothing of the mariner's compaſs, till 
it was introduced there by the Europeans. Ver- 
tomanus affirms, that A. D. 1500 he ſaw an Eaſt 


Indian pilot direct his courſe by a compals, framed, 
and faſtened like thoſe uſed in * but this. 


muſt 
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muſt be received with ſome caution, as Mr. Bar. 
low, in 1597, ſays that in a perſonal conference 
with two Eaſt Indians he was told by them, that 
| Inſtead of our compaſs they made uſe of a magne- 
' tical needle of fix inches or longer, ſet upon a pin 
in a diſh of white China carth filled with water; 
that in the bottom of the diſh they had two croſs 
tines, to mark the four principal winds, and that 
the reſt of the diviſions were left to the {kill of the 
pilot. But to return to Europe, Mr. Perrault, in 
his parallel between the ancients and the moderns, 
has cited ſome verſes of Guyot de Provins, who 
wrote in 1180, which thew diſtinctly that the ma- 
riner's compaſs was known in the South of France 
at that time. 

By moſt writers the invention of this compaſs 
is aſcribed to Flavio Goin of Analſi in Campance, 
v ho lived about the year 1300; and he is ſaid to be 
the firſt that 2 it to navigation in the Medi- 
terranean. 

Mr. de Lalande informs us, that in * Le trẽſor 
de Brunet,” a manuſcript in the French king's 
library, there is a paſſage which proves that the 
compaſs was made uſe of about the year 1260. 


Here however it may be obſerved, that though 


a magnet, which has only two poles, will always, 
when freely ſuſpended, place itſelf in the magnezzc 
meridian, or in the ſame plane with other good 
magnets ; yet when a magnet has more than two 
poles, theſe may be ſo ſituated: that the magnet 
will not traverſe, that 1s, will have no directive 
8 
Thus ſuppoſe an oblong magnetic Berke to 
have a north polarity equally ſtrong at each end, 
and a ſouth polarity in the middle; it is plain, that 
as each has an equal tendency towards the north, 
neither of them can be directed towards the north 


in preference to the other; conſequently the nee- 
dle 
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dle cannot traverſe. Though this caſe very ſel- 
dom occurs, yet there are many others, where a 
needle, when fixed to a card on which the points 


e | 
it of a compaſs are drawn, may occaſion conſiderable 
I errors; this has been clearly proved by Dr. Knight } 
n and Capt. Greaves. Mr. R. Walker, of Jamaica, - | | 
+ has alſo clearly proved, that the only proper ſhape ö 
5 for magnetic compaſs needles, is that where the f 
it line of direction is in the edge of the bar; each 
0 end of the bar ſhould be alſo pointed. But it will 
n be needleſs for me to enter into the ſubject, as Mr. 
, Walker means to lay his own ideas before the pub- 
0 lic, in.a work which will contain much other cu- 
- rious matter on this part of magnetiſm. 
e | 

Or THE VARIATION OF THE COMPASS. 
. a 
A | Though the north pole of the magnet. is, in 
e every part of the world, directed nearly towards the 


- north, yet it very ſeldom points exactly thereto, and 
conſequently the ſouth pole of the magnet ſeldom 
points towards the ſouth. In other words, the 
magnetic meridian ſeldom coincides with the me- 
ridian of the place, bur generally varies from it 
ſome degrees eaſtward or weſtward. ; 
1 This variation is different in different places 
on land as well as at ſea, and is alſo continually va- 
rying in the fame place. For inſtance, the varia- 
lion is not the ſame in London as at Paris, or as at 
the Cape of Good Hope; and the declination at | 
London, or at any other place, is not the ſame now 
as It was twenty years ago. 5 ö 
This variation is always reckoned from the | 
Fe north; that is, if the north end of a needle vary 
to the eaſt of the north, the variation is ſaid to be 
| eaſterly ; and if it vary to the weſt, the variation 
| is ſaid to be weſterly. 
| Ihe uncertainty of the quantity of this va- 
| riation 
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riation in different parts of the world, is a great 
impediment to the perfecting of navigation; and 
philoſophers have earneſtly endeavoured to inveſti. 
gate it's cauſe, and, if poſſible, to correct the er- 
rors it occaſions. The reſearch has hitherto been 
in vain, though I maſt own, I think the ſubject is 
in the hand of a perſon, who bids fair to diſpel much 
of the darkneſs with which it has hitherto been 
ſurrounded; and from what I have ſeen of Mr. R. 
Walker's theory, it appears to me correct and ju- 
dicious, and needs only to be underſtood to pro- 
duce conviction. He has alſo contrived a compaſs 
to aſcertain the variation of the needle at ſea with- 
out calculation. | | To 
Though the directive power of the compaſs 

was apphed to. the purpoſes of navigation in the 
fourteenth and fifteenth century, it does not ap- 
pear, that there were any apprehenſions during that 
time of it's pointing otherwiſe than due north and 
ſouth. | | AE | 
The variation of the compaſs is ſaid to have 
been firſt diſcovered by Columbns, the latter end 
of the fifteenth century. But the firſt perſon who 
diſcovered that it was real, and was the ſame to 
all needles in the ſame place, is generally allowed 
to be Sebaſtion Cabot. This was about the year 
1497. | | | 
8 the variation was diſcovered by Cabot, 
it was thought, for a long time, to be invariably 
the ſame, at the ſame places, in all ages; but 
Mr. Gellibrand, about the year 1625, diſcover- 
ed that it was different at different times, in the 

ſame place. | 

From ſucceſſive obſervations'made afterwards, 
it appears, that this deviation was not a conſtant 
quantity, but that it gradually diminiſhed, and 
at laſt about 1657 it was found that the needle 
pointed due north at. London, and has ever ſince 
| been 
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been increaſing to the weſtward of the north. So 
that in any one place the variations have a kind of 
libratory motion, traverſing through the north to 
unknown limits eaſtward and weſtward. The pre- 
ſent variation at London is about 23 + degrees. 
Dr. Halley ſuppoſed that the earth has within 
it a large magnetic globe, not fixed within to the 


external parts, having four magnetic poles, two 


fixed, and two moveable, and by this he has en- 
deavoured to account for the phenomena of the 
needle. His application of this theory to facts, 
is in many reſpects inadequate, in all laboured and 


unnatural. Mr. Euler has ſhewn, that he can 


with two magnetic poles placed on the ſurface of 
the earth, account for all the phenomena as well 
as Dr. Halley: with four; but his theory has alſo 
various imperfections. 

The variation of the needle may be illuſtrated 
by placing ſeveral touched needles round a ma 
netic bar, ſee fig. 12, pl. 2. Now if the earth be a 
great magnet, or if it have only a magnetic at- 
moſphere, it is clear from this experiment that 
magnetic needles placed on it's ſurface would have 
different directions in different places, which is 
conformable to experience; and the apparent irre- 

ularities in the variation of the needle muſt be oc- 
caſioned by the ſituation of the magnetic poles-of 
the earth. 

If the magnetic poles agreed with thoſe of 
the. earth, there would be no variation, and the 
magnetic needle would point to the true north and 
ſouth. If the axis of the magnetic poles paſſed 
through the center of the earth, it would be eaſy 
to aſſign the quantity of the variation at every 
place; but as this is not the caſe, to account 
regularly for the variation, it is neceſſary to know 
the exact ſituation of the magnetic poles of the 
earth, their number, force, and diſta ance from the 

real 
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real poles ; ; whether they ſhift their place, and if 
they move, the quantity of motion every year. 


Or THE D1uRNAL VARIATION OF THE NEEDLE. 


About the year 1722, and 1723, Mr. George 
Graham made a number of obſervations on the di- 
urnal variations of the magnetic needle. In the 
year 1750, Mr. Wargentin took notice of the re- 
gular diurnal variation of the needle; and alſo of 
it's being diſturbed at the time of an aurora bore- 
alis. About the latter end of the year 1756, Mr. 
Canton began to make obſervations on the varia- 
tion, and in 1759 communicated ſeveral valuable 
experiments to the Royal Society. 


The obſervations were made by bla: for 603 


days; on 574 out of theſe, the diurnal variation 
was regular. The abſolute variation of the needle 


weſtward was increaſing, from about eight or 


nine o' clock in the morning, till about one or two 
in the afternoon, when the needle became ſtation- 
ary for ſome time; after that the variation weſt- 
ward was decreaſing ; and the needle came back 
again to it's former ſituation in the night, or by 
the next morning. 


The diurnal variation is iwegular when the 


needle moves ſlowly eaſtward in the latter part of 
the morning, or weſtward in the latter part of the 


afternoon; alſo when it moves much either way : 


after night, or ſuddenly both ways in a ſhort time. 


Theſe irregularities ſeldom happen more than once 
or twice in a month, and are always accompanied 


with an aurora borealis. The diurnal variation in 


the months of June and July, is almoſt doublc f 


that of January and December. 


Mr. Canton ſuppoſes that /he diurnal "i of ; 


tbe ſun as upon-the magnetic parts of the earth, 


or rather upon the magnet included in the earth. 
But 
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But Mr. Æpinus has ſhewn that this ſuppoſition 
is inadmiſſible, becauſe agreeable to the hypotheſis 
the magnetic nucleus muſt be very profound, 
and it is well known that the ſolar heat does not 
penetrate to very great depths ; there are caves at 
no great diſtance from the ſurface of the earth, 
in which a thermometer remains always at the 
fame height. The diurnal heat does not penetrate 
even theſe, there is therefore no probability of it's 


effects extending to {till greater depths. 
Or THE Die or THE NEEDLE. 


If a needle, which is accurately ballanced and 
ſuſpended ſo as to turn freely in a vertical plane, 
be rendered magnetical, he north pole will be de- 
preſſed, and the ſouth pole elevated above the hori- 
201 : this property is called he dip of the horizon. 
As it is very difficult to ballance a needle accu- 
rately, the poles are generally reverſed by a mag- 
net, ſo that it's two ends may dip alternately, and 
the mean of the two is taken. 

This property was diſcovered by Robert 
Norman, about the year 1576. I ſhall give 
the account of the diſcovery in his own words. 

Having (ſays he) made many and divers 
compaſſes, and uſing always to finiſh and end 
them before I touched the needle, I found con- 
tinually that. after I had touched the yrons with 
the ſtone, that preſently the north point thereof 
would bend or decline downwards under the 
horizon in ſome quantity ; infomuch, that to'the 
flie of the compaſs, which before was made 
equal, I was ſtill conſtrained to put ſome ſmall 
piece of wax in the ſouth part thereof, to coun- 
terpoiſe this declining, and to make it equal 
again. 8 5 55 9 75 

© Which effect having many times paſſed my 

Vor, IV. 5+. + SEM hands 
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hands without any great regard thereunto, as ig- 
norant of any ſuch property in the ſtone, and not 
before having heard nor read of any ſuch matter; 

it chanced at length that there came to my hand; 

an inſtrument to be made, with a needle of ſix 
inches long, which needle after I had poliſned, 
cut off at juſt length, and made to ſtand level ly 


upon the pin, ſo that nothing reſted but only the al 
touching of it with the ſtone: when I had touched h: 
the ſame, preſently the north part thereof declined 0 
down in ſuch ſort, that being conſtrained to cut tl 
away ſome of that part to make it equal again, in ha 
the end I cut it too ſhort, and ſo ſpoiled the needle he 
wherein I had taken ſo much pains. ſat 


« Hereby being ſtroken into ſome cholar, I 
applied myſelf to ſeek further into this effec, 
and making certain learned and expert men (my 
friends) acquainted in this matter, they adviſed 
me to frame ſome inſtrument, to make ſome exact 
trial, how much the needle touched with the ſtone 
would decline, or what greateſt angle it would 
make with the plane of the horizon.” Thus far 
Mr. Norman. EE | 

The dip is ſaid to be ſubject to a variation. 
At this time in London it is about 722 degrees; 
from ſome late obſeryations it appears to diminiſh 
about fifteen minutes in four years. The nature 
of this phenomenon is pleaſingly illuſtrated by car- 
rying a ſmall dipping needle from one end of bal 
a magnetic bar to the other; when it ſtands Sea 
over the ſouth pole, the north end of the needlefſ for: 
will be directed perpendicularly to it; as the 
needle is moved, the dip will giow leſs, and when dep 
it comes to the magnetic center it will be parallel infe 
to the bar; afterwards the ſouth end will dip, and} Van 
the needle will ftand perpendicular to the bar, 
when it is directly over the north pole. MM - 
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Or Tu IxTIlUENCE Or THE AURORA BoREALIS 
on THE MAGNETIC NEEDLE. 


Meſſrs. Wilcke and Van Swinden have clear- 
ly proved, that there is a connection between the 
aurora borealis and the magnetic needle; they 
have ſhewn it to be ſo evident, ſo general, and 
ſo conſtant, that no one who examined the affec- 
tions of the one and the other with attention, could 
have any doubts on the ſubject. It remained 
however for Mr. Dalton* to give a complete and 
ſatisfactory account of this connection, and it is 
with great pleaſure I take this opportunity of 
recommending his work to your attentive pe- 
ruſal. | | 

From various obſervations he has ſhewn,F 
I. When the aurora appears to riſe only about 5 10 
or 15 above the horizon, the needle is very little 
diſturbed, and often inſenſible. 2. When it riſes up 


to the zenith, and paſſes it, there never fails to 
be a conſiderable diſturbance. 3. This diſturb- 


ance conſiſts in an irregular oſcillation of the hori- 
zontal needle, ſometimes to the eaſtward, then to 
the weſtward of the mean daily poſition, in ſuch 
ſort that the greateſt excurſions on each ſide are 


nearly equal, and amount at Mancheſter to about 


half a degree on each ſide. 4. When the aurora 
ceaſes, or ſoon after, the needle returns to it's 
former ſtation. 

From theſe facts alone, ſays Mr. Dalton, in- 
dependent of other obſervations, we cannot avoid 
inferring, that there is ſomething magnetic con- 
ftantly in the higher regions of the atmoſphere, 

| H h 2 that 


C Meteorological Obſervations and Eſſays, by John Dalton, 
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793. 3 
+ Dalton's Obſervations, p. 139. 
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that has a ſhare at leaſt in guiding the needle ; and 
that the fluctuations of the needle, during the au- 
rora, are occaſioned by ſome mutations that then 
take place in this magnetic matter, in the incum- 
bent atmoſphere. 


Or THE SIMILARITY BETWEEN ELgcrTRICITY 
AND MAGNETISM. 


The powers of magnetiſm, like thoſe of 


electricity, are excited and ſeparated by. Friclion. 


This effect is wonderful in both, but more ſo in 
magnetiſm, where two powers, naturally attract- 
ing each other, remain ſeparated in the ſame 
ſteel bar for many years, and yet they may be 
reduced to their natural ſtate by the friction of 
two other magnets, acting in a contrary order to 
that by which the poles were originally ſepa- 
rated. 

Magnetiſm and electricity act powerfully at 
corners, edges, and points. 
MꝰTlaagnetiſm may be communicated to a ſmall 
ſteel needle, by paſſing the diſcharge of a large elec- 
trical battery through it. 

The diſcharge of an electrical battery through 
a {mall magnetic needle, will ſometimes deſtroy 
the magnetiſm, and ſometimes invert the poles of 
the magnet. Similar effects have been produc- 
ed by lightning. 


Or THE TRHEORY OT MAGNETISM. 


Here, as in other parts of natural philoſophy, 
we muſt content ourſelves with mere conjecture. Of 
the various hypotheſes that have been formed to 
account mechanically for the phenomena of mag- 


netiſm, that of Mr. Pre voſt* is undoubtedly the 
beſt ; 


* Prevoſt De FOrigine des Forces Magnetiques a Geneve, 
1788, | 
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beſt; but as it depends on a knowledge of Mr. Le 
Sage's mechanical ſyſtem of the univerſe, it will be 
impoſſible for me to lay it before you in a fatisfac- 
tory manner; you muſt therefore be contented with 
a very imperfect ſketch thereof. 


Hy pOrTRESIS. 


There exiſts in and about our globe, a very 
ſubtil fluid poſſeſſing the following properties. 
1. It is expanſive, and conſequently diſcrete. 

2. The molecules of this fluid are formed by 
the union of two kinds of elements, A, B, united by 
affinity. | | 55 

3. The elements of the different kinds have 
a greater tendency to each other, than thoſe of 
the ſame kind. | | 

4. That excepting the preceding property 
(n. 3), theſe attractions follow the ſame laws as 
univerſal gravitation. 

5. This fluid has an affinity with the parti- 
cles of iron, and which probably acts only at con- 
tact, or when very nearly in contact. This fluid 
is decompoſed by iron, and ſeldom by any thing 
elſe. 1 8 

The foregoing properties of the magnetic fluid 
may be all mechanically explained on the princi- 
ples of Mr. Le Sage. 

To explain the magnetic phenomena of the 
earth, it is ſufficient to ſuppoſe that one aliment 
of the magnetic fluid is furniſhed by nature, in 
greater abundance in one hemiſphere than the 
other; or that a ſmall portion thereof be decom- 
poſed by ſome of the cauſes perpetually acting in 
nature, by which means the terreſtrial globe is 
maintained in a charged ſtate, having a greater 
Hh 3 abundance 


470 LAC TURES on NATURAL PHILOSsOo PHV. 


abundance of one element in one hemiſphere than 
in the other. This accumulation may principally 
exiſt in the atmoſphere. 

On conſidering that the aurora borealis, the 
⁊odiacal light, electricity, and heat, all in ſome mea. 
ſure affect the magnetic needle, there ſeems ground 
for ſuppoſing that Qne or other of the elements of 


the magnetic fluid 1s furniſhed by the /o/ar rays. 72 
When we conſider the extent occupied by the 7 
magnetic fluid, we are naturally led to inquire ſt 
whether it's effluvia courſe inceſſantly over land al 
and ſea, only to turn here and there a mariner's p1 
compaſs ? Being aſſured that Gop governs by a W 
long ſubordination of ſecond cauſes; that ns not Jo 
only employs a concurrence of cauſes to produce ty 
one effect, but likewiſe produces various effects Nl 
from one and the ſame cauſe; we may ſafely an- ly 
ſwer, that there are other uſes of the magnetic ar 
effluvia, beſides thoſe we diſcern. Here again, as pz 
in every other part of philoſophy, we have a further fit 
confirmation of the littleneſs of human know- in 
ledge, and ſee how much pains God has taken, ſo gr 
to ſpeak, 10 hide pride. from man. : 
- ˖ 
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1 is ſcarce any ſubject in which mankind 

feel themſelves more intereſted, than in the 

ſtate of the weather, that is, in the temperature of the 

air, the influences of wind, rain, &c. It forms a 
principal topic of common converſation. By the 

weather, the traveller endeavours to regulate his 

journies, and the farmer his operations; by it plen- 

ty and famine are diſpenſed, and millions are fur- 

niſhed with the neceſſaries of life. It is intimate- 

ly connected with the health of the human body, 

and with every part of natural hiſtory, and more 
particularly with agriculture. You will therefore 
find this branch of philoſophy peculiarly intereſt- 

ing; the more ſo as it will lead you to confider the 

great operations in nature. 

« Here you may ſee and admire the changes in 
the elements, which preſent us with all that is great 
and wonderful in nature, and which, with a variety 
little leſs than infinite, work together for the good 
of man, and the preſervation of the world.” 

I have long ſince obſerved to you, how im- 
properly the ſcience of natural philoſophy has been 
treated by it's moſt zealous advocates, and ableſt 
profeſſors; it is high time for them, after ſo much 
labour in vain, to return to the point from whence 
they ſhould have ſet out, and now begin to con- 
ſider the great agency of the elements, It is by this 
agency, that all the phenomena we perceive are 
performed ; by it the growth of plants, the life of 


individuals, are ſupported and preſerved ; by it the 
4 | planets 
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planets are maintained in their reſpective ſitua- 
tions, and made to revolve in their orbits. 

« There is no hope in the preſent mode of 
philoſophiſing, but of ſeeing experiments varied, 
and facts multiplied ; and they may be thus multi- 
plied and varied to eternity without advancing us 
one ſtep towards a knowledge of the cauſes operat- 
ing in nature. The indefatigable experimentaliſt 
may proceed for ever, and flounder like the mole 
in the duſt he raiſes about himſelf; but by con- 
tinually heaping up of facts, or making expe- 
riments, he will never be able to trace either the 
nature or deſign of the operations carried on in this 
ſyſtem of things.” For the univerſe is a ſyſtem, 
in which all the parts are connected and related, 
and matter, as a part of the created world, has mo- 
tion; but he who would underſtand the nature of 
motion, by conſidering motion abſtractedly, (as is 
the caſe with many modern philoſophers) 1s ſtudy- 
ing motion from that which has no motion belong- 
ing to it. There is, as I have before obſerved to 
you, 10 inſulated fat in nature; they are all ſyſte- 
matic, or mechanical, having a double reference ; 
as effects to their cauſes, and as cauſes to their ef- 
fects. The material world is an immenſe body, 
compoſed, like our own, of an infinite number of 
parts, ſo interwoven together, as to unite in one 
common center. It is the bufineſs of philoſo- 
phers to point out theſe connections, and ro explain 
why they appear lo us ſeparated, and thus lead us 
to that principle of unity which harmonizes, and 
connects all the works of creation, | | 

But alas, you find the philoſopher continual. 
ly loſing ſight of the true conſtruction of nature, 
and endeavouring to build ſyſtems upon malter inde- 
pendently conſidered, © upon which he can only 
raiſe ſuch a world as never did nor can exiſt, being 
| 1 SS as 


* 
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as empty and abſurd, as it is arbitrary.” * You 
find phyſicians treating of the nature and cauſes 
of diſeaſes, of blemiſhes, . of preternatural appear- 
ances in the body; but wholly indifferent, and al- 
together inattentive to the proceedings of the 
healthy æconomy: you will find an hundred diſſer- 
tations on fevers, for one upon lie. The action of 
flimuli, and the irritability of the living fibre, 
have been the ſubjects of many ingenious diſcuſ- 
ſions ; the regular and uniform action of the fibre, but 
of few. It is the ſame with philoſophy; we have 
treatiſes on light, as ſeparated and divided by the 
priſm ; on heat, as meaſured by the thermometer; but 
none on that ocean of the SOLAR FLUID, in which 
all bodies are as it were immerſed ; none upon the 
various influences of the ſun, upon which the na- 
tural life, and the activity of all things in the na- 
tural world depend.“ | Oy 

If we look into artificial nature, we ſhall eve 
ry where find a want of known agents. Hence 
the variety and changes of opinion with reſpect to 
a great number of phenomena that are obſerved 
in our laboratories; although we can there multi- 
ply and vary the proceſſes, and thus ſubject our 
conjectures to experiment; but the phenomena 
being all on a ſmall ſcale,, we are often but very 
little ſtruck with circumſtances, that may in them 
ſelves be very important, and which are daily per- 
ceived. We are diffident of the exactneſs of our 
meaſures and weights; we ſuſpect ſome foreign in- 
fluence, from the veſſels uſed, from the diſparity in 
ſubſtances of the ſame kind and name, or from 
ſome unknown action of the air and vapour; and 
yet, unleſs we have learned not to be ſatisfied with 
vague conjecture, we ſeldom attend to the notices 


which 


* Young's Eſſay on the Powers and Mechaniſm of Nature. 
Jones's Phyſiological Diſquiſitions. | 
Adams's Diſſertation on the Barometer, &c. 
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which reſult from the imperfections and inaccura. 
cies of our theories. Bur in the laboratory of the 
atmoſphere, all the phenomcna are carricd on 
upon a ſcale proportioned to their importance 
among the operations of nature, which can be diſ- 
turbed by nothing foreign to theſe operations, 
without producing ſome characteriſtic phenome- 
na; every thing has a reference to the veſſel itſelf, 
i. e. to the ſurface of our globe, whoſe dif. 
tinct parts, as minerals, vegetables, and animals, of- 
fer maſſes, perpetually changing; here, therefore, the 
diſagreement of theory with facts, muſt give us 
great and important leſſons.“ 

If you, however, compare attentively meteo- 
rological phenomena with our phyſical meaſures, the 
barometer, the thermometer, hygrometer, &c. you 
will find yourſelf unable to reduce them to any 
lar, that can be expreſſed by the range of theſe 
inſtruments: which ſhews more evidently, than 
any thing that can be ſeen in our laboratories, the 
neceſſity of admitting other combinations, than 


thoſe that are known, and even perhaps other in- 


gredients. 
The meteorological phenomena, whoſe cauſes 


we have yet to explore, are thoſe that are moſt 
common and the moſt important to terraqueous 

hyſics. They are the changes of heat indepen- 
dent of ſeaſons and latitude, thoſe of winds, and the 
variations in the heights of a local barometer ; 
the viciffitudes of rain, and fair weather ; aerial 
elefiricity, and magnetiſm; the relations of the 
ſtate of the air to our ſenſations; the ſmall con- 
nection we find between vegetation, (as well in ge- 
neral, as for certain particular products) and the 
different remarkable characters of the ſeaſons. 


All 


* De Luc, Idees ſur la Meteorologie, a work that ſhould 
be fully conſidered by all who mean to underſtand the ſubject, 
and to which I am indebted for a great part of the Lectu es on 
Meteorology, 
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All theſe grand lines in the operations of nature 
on our globe are to us, with reſpect to the ro 
ing cauſes, as a ſealed boolt: 

Theſe obſervations on the chemiſiry of nature 
are by no means deſigned to leſſen your eſteem for 
that of our laboratories, which is certainly one of 
the principal ſources of all the true ſcience we 
poſſeſs. They are deſigned to ſhew you, that the 
ſmalleſt meteorological phenomena ſhould be ſtu- 
died with as ſcrupulous an attention, as that we 
pay to the modifications of a little air in our cloſe 
veſſels; for ĩt is theſe phenomena which ſhould guide 
us in our reſearches into the nature of the latter. 

In the atmoſphere every cauſe produces it's ef- 
fects: the ſubtil fluids are there diſtributed accord- 
ing to their natural tendencies; and can form or 
deſtroy themſelves differently, in different times, 
different ſoils, different climates: the winds, which 
have ſeldom been conſidered, but as more or leſs 
violent, warm, or humid, may, with reſpect to theſe 
fluids, anſwer more important purpoſes, than what 
have yet been attributed to them. In a word, great 
general cauſes act in the atmoſphere from which 
our confined air is ſecluded. It is therefore only 
by letting meteorology and chemiſiry go hand in 
hand, that we can hope to be ſecure from error in 
either purſuit, or be enabled to make advances to- 
wards real knowledge. 

Our reſearches into the nature of theſe intereſt 
ing objects will be ever vague, and of courſe attended 
with bur little ſucceſs, till we have ſome certain 
theory on the nature of expanſible fluids, and in 
general of all phy/ical agents. Here it may be 
proper to obſerve, that we commonly join to phy- 
ſical laws the idea of their being an explanation of 
Phenomena: but this notion is erroneous, for all 
phyſical laws, not excepting even thoſe of gravity, 
are only generaliſationc. We are now <P 

wit 
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with many phenomena, where the real agents ma- 


nifeſt themfelves, and whole laws flow from the 
nature of theſe agents: it is to ſuch as theſe only 
that the idea of a phy/ical explanation can be at- 
tached. Thus, to aſſign to phenomena a real and 
determined agent, acting in a certain manner, and 
from which certain effects are the natural conſe- 
' quences; and to ſhew that the laws of theſe phe- 
nomena correſponc| thereto; is really to explain the 
phenomena. Now we know phenomena enough, 
thus connected with real cauſes, to enable us by 
analogy to extend very far the real links that con- 
nect effects one with the other in nature; remem- 
bering always to conſider true agents as being 
more and more gencral, the further they are re- 
moved from us, or fubordinate as they approach 
us. Theſe are the proper objects to occupy the 
attention of a rational philoſopher, as they alone 
can form the foundation of rational phyſics, one 
that will give us efficac ious aid in our experimen- 
tal reſearches. What would become of practical 
mechanics, if in elementary mechanics there was 
no ſyſtem of it's agents, no laws previouſly de- 
termined, which they follow when they operate? 
And yet, though all is a&:07 in nature, philoſo- 
phers ſcarce think of looking for the 7rue 
agenls. | | 
Among the means of advancing our know- 
ledge in meteorology, are the z7/ftruments that have 
been contrived to aſcertain the variations in the 
weight of the atmoſphere ; it's changes with re- 
ſpect to /empers!ure ; the degrees of humidity, &c. 


If every one wino is in poſſeſſion of meteorological 


inſtruments would keep a diurnal regiſter of their 
ſtate, and of the correſponding phenomena of the 
atmoſphere, and tranſmit the reſult of his obſer- 
vations to the public, he would contribute more 


to the aalvancement of this branch at ſcience than 
0 
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he might at firſt imagine. While he was amuſeng 
himſelf, and gratifying curioſity, he would be pro- 
moting knowledge, and probably procuring bene- 
fits for poſterity. Let no one ſuffer the apparent 
improbability of ſucceſs to diſcourage him from 
the attempt. Remember that ſcience advances by 
ſlow and gradual ſteps, that it's progreſs depends 
on the cultivation of the mind, the acquiſition of 
facts, the removal of obſtacles, and the exertion 
of individuals: the preſent is ever pregnant with 
the future, though the connection between them 
can only be found by long attention and diligent 
obſervation. A regiſter for preſerving what no 
memory can retain, becomes an authentic docu- 
ment, a reference from which facts may be com- 
bined and compared, and thus one of the pureſt 
ſources of practical knowledge. To indulge ends fo 
rational, to as great an extent as the human 
powers can reach, and with as much enjoyment 
as the human mind can bear, Divine PRovinence 
hath appointed the means, whereby each man's 
ſmall ſtock of knowledge and truth may be com- 
municated to others without loſs to himſelf ; and 
further, how it may be placed in a common. treaſury, 
for every man to draw from thence whatever his 
occaſions or inclinations may require. Theſe ends 
are known to be accomplithed, the firſt by Jpeech, 
the latter by wan and publiſhing what is 
written. 

It may be obſerved in a, that meteorolo- 
gical phenomena, like all the durable motions of 
the univerſe, depend upon a circulation of matter. 
Here it 4s principally carried on by changing of 
water into a new form, and a regeneration of it 
again into it's primitive form. It goes off from 
the ſurface of the earth in the form of a rare in- 
viſible expanded vapour; in the atmoſphere it's 


ſtate is changed, and from that of vapour to an 
| acriform 
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aeriform fluid; by ſome unknown cauſe it is again 
changed into miſt and clouds, is then gathered in- 
to drops when it falls, and in this form it returns 
to the place from whence it came, to take it's 
turn once more in the common courſe of evapora- 
tion, and be again and again circulated to the great 
promptuary of the world. 


The principal objects therefore of inquiry 
are, 1ſt, In what manner the atmoſphere is ſuppli- 
ed with humidity? 2dly, What cauſes and what pre- 
vents inviſible humidity from being formed into 
clouds? And, 3dly, What occafions and what pre- 
vents viſible clouds from being precipitated in 
rain? That is, to know the various Sallancings of the 
clouds, and learn how ſuch. ponderous materials 
are ſuſpended in the air ? And how the waters are 
bound up in the thick clouds ? 

As one of the principal means of anſwering 
theſe inquiries are the inſtruments uſed to diſ- 
cover the changes in the atmoſphere, I ſhall firſt 
deſcribe theſe, and then proceed to give you ſome 
account of meteorological phenomena. The in- 
ftruments in general uſe are, 1. a barometer: 2. 
a thermometer: 3. an hygrometer: 4. a rain- 
guage: 5. anelectrometer. | 


Or THE BAROMETER. 

In treating of the barometer, I ſhall have 
only to enlarge on ſome circumſtances that were 
but ſlightly noticed, when J explained this inſtru- 
ment to you in my ſecond Lecture. The barcme- 
rer, as I there ſhewed you, conſiſts of a ſtrait 
glaſs tube, about thirty-two inches long, open at 
one end and cloſe at the other; this tube is firſt 
filled with. mercury, and then inverted in a baſon 
of the ſame fluid, by applying a finger to the 
open end, ſo as to prevent any air from entering 

| N the 
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the tube; when the open end of the tube is im- 
merged beneath the ſurface of the mercury in the 
baſon, the finger is withdrawn; the tube being 
now ſet upright, the mercury deſcends, leaving the 


top of the tube, and ſubſiding till it has attained a 


certain diſtance from che ſurface of that in the 
baſon; this is more or leſs, according to the ſtate 
of the air at the time of making the experiment. 
The tube is then fixed to a frame with a ſcale an- 
nexed, to ſhew at all times the height of the mer- 
curial column. 

From the method of filling the tube, the air is 
excluded from the top of the column, or that part 
of the tube above the ſurface of the mercury in the 
tube. The external air preſſes upon the quick- 
filver in the ciſtern, and ſuſtains, by it's preſſure 
ina contrary direction, a column equal in weight 
to itſelf. For it is evident, that the mercury endea- 
vours to deſcend with a force equal to that by which 
il's deſcent is prevented. In other words, the preſ- 
ſure of the atmoſphere on a given ſurface is equal 
to the weight of a column of mercury, whoſe baſe 
is the given ſurface, and height equal to that of 
the atmoſphere. The height of the mercury 1s 
therefore an adequate meaſure of the weight or 
preſſure of the air upon a ſurface equal to the 
baſe of the tube containing the mercury. 

The truth of this reaſoning, I have confirmed 
by ſeveral experiments exhibited in my. ſecond 
Lecture; you there ſaw, when a barometer was 
placed under a receiver, that in proportion as the 
air was exhauſted from the ſurface of the mercury 
in the baſon, the column in the tube deſcend- 
ed till at Jaft they were nearly on the ſame level. 


The barometer-guage exhibited the reverſe of this 


experiment, for you there ſaw the mercury riſe in 
the tube in proportion as the air was exhauſted 
therefrom, the open air preſſing at the ſame time 


upon 
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upon the ſurface of the mercury in the baſon. 
What is thus exhibited by our inftruments is con- 
firmed by nature, for the higher we aſcend in 
the atmoſphere, the ſhorter is the column of 
mercury. 

The barometer with a ſtrait tube, as origi- 
nally contrived by Torricellius, is preferable to all 
the ſubſequent variations in it's form. When it 
was found that the different heights of the mer- 
cury in the barometer were in ſome meaſure con- 
nected with the ſtate of the weather, the philoſo- 

pher and artiſt endeavoured to vary the form of 
the inſtrument; hence a variety of conſtructions 
more or leſs accurate according to the views of the 
inventors, and the diſtance to which they removed 
the barometer from it's original ſimplicity. 

They thought that by augmenting the /cale of 
the barometer, and thus rendering the variations 
of the mercury more ſenſible, they ſhould ſooner 
diſcover the minute changes of the atmoſphere, 
and the cauſes which occaſioned them; unfortu- 


nately by altering the conſtruction of this inſtru- 


ment, they only multiplied errors, and rendered 
it leſs capable of anſwering the purpoſes for which 
it was deſigned. Some of theſe forms may appear 
more elegant than the. plain barometer, but none 


of them can be depended upon for keeping an ac 


curate regiſter of the weather, or for obſerving 
the extent of the variation thereof in any given 
fituation, or comparing the different changes at 
one place with correſponding ones at another. 
Hence it is neceſſary to point out to you what is 
requiſite ro conſtitute a good barometer. 
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Or SOME OF THE PRINCIPAL REQUISITES OF A 
GOOD BAROMETER,* 


1. It is requiſite that the height of the column 
of mercury be altered by no other cauſes but the 
changes that ariſe from the preſſure of the air, 
and that theſe changes be truly indicated, 

2. That the variations in the height of the 
column be aſcertained by a known meaſure. 

That the column of mercury be ſuſceptible 
of the ſmalleſt alterations in the weight of the 
air. 
In order that the column of mercury, in the 
tube, may be affected by no other cauſe than the 
preſſure of the air, it is abſolutely requiſite, that 


the upper part of the tube, and the mercury itſelf, 


be entirely freed from air; for if there be any air 
between the upper ſurface of the column of mer- 
cury and the ſealed end of the tube, it will be the 
ſource of many errors and much irregularity. 
The included air will act as a counterpoiſe againſt 
the weight of the atmoſphere, and to a certain 
degree counteract it's preſſure, and, therefore, 
render the indication of the inſtrument uncertain 
and erroneous. This included air, being alſo often 
combined with humidity, expanded by heat, or 
contracted by cold, acts differently at different 


times: the only method of preventing theſe errors, 
and perfectly excluding the air from the barome- 


ter, is by Boiling the mercury in the tube: an ope- 
ration which is carefully performed in all the beſt 


inſtruments. 


To BOIL THE QUICKSILVER IN A BazoMeTER TUBE. f 


Chooſe a tube not leſs than three feet long 


Vor. IV. FE” with 
* See my Diſſertation on the Barometer and Thermometer, 
1 1790. 


De Luc's Recherches ſur les Modifications de l' Atmoſphere, 
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with a bore about three or four twentieths of an 
inch in diameter, but not more ; and that it may 
be ſufficiently ſtrong, it ſhould be nearly as thick 
on all ſides as the diameter of the bore. Let this 
tube be nicely ſealed or cloſed at one end, and as 
clean as poſſible ; fill the tube with pure mercury 
to within two inches of the top, and then hold it 
with the ſealed end loweſt in an inclined poſition 
over a chafing-diſh of burning charcoal, placed 
near the edge of a table, in order-that all parts of 


the tube may be expoſed ſucceſſively to the action 


of the fire, by moving it obliquely over the chaf- 
ing-diſh. The ſealed end is to be firſt gradually 
preſented to the fire; as ſoon as the mercury be- 
comes hot, the internal ſurface of the tube will be 
ſtudded with an infinite number of air-bubbles, 
giving the mercury a kind of grey colour; theſe 
increaſe in ſize by running into one another, and 
aſcend towards the higher parts of the tube, where 
meeting with a cooler part of the fluid they are 
condenfed and nearly diſappear. In conſequence 
however of ſucceſſive emigrations. towards the 
upper parts of the tube which are ſucceſſively 
heated, they finally acquire a bulk which enables 
them intheirunited form entirely to efcape. When 
the firſt part of the tube is ſufficiently boiled, 
move it onward by little and litcle through the 
whole length of the tube. When the mercury 
boils, it's parts ſtrike againſt each other, and 
againſt the ſides of the tube with ſuch violence, 


that a perſon unacquainted with the operation na- 


turally apprehends the deſtruction of his tube. 
The great advantages that refult from this 
operation appear to be theſe : the whole body of 
the mercury, and the interior ſurface of the tube, 
are. hereby freed from all the minute and imper- 
ceptible particles of duſt and moiſture which they 
generally contain, and of the little a4mo/pheres 


that 
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that are ſeen to ſurround them; which, during 
the tumultuous motions of the mercury, are viſibly 
driven up towards it's ſurface, and expelled. The 
tube and the mercury are deprived likewiſe of all 
the air that can be expelled from them, and par- 
ticularly from the ſurface of the former, by 
the violent heat and agitation of boiling quick- 
filver. As that heat too is a determinate or fixed 
quantity, it's effects in expelling the air from dif- 
ferent tubes will be nearly equal ; ſo that though 
| ſome ſmall portion of air may till be left in them, 
there can be no difference in the quantity of it 
remaining in different tubes thus uniformly treat- 
ed. Accordingly, the barometers thus prepared 
: not only ſtand higher than thoſe which have not 
. undergone this proceſs; but at the ſame time they 
J pretty accurately correſpond with each other. 

0 M. De Luc obſerves, that the greateſt part of 
N the air which is expelled during the proceſs, pro- 
. ceeds from the internal ſurface of the tube, where 


& it ſeems to have formed a thin fratum or lining of 
y air, which cannot be diſlodged from thence 
8 by the mercury introduced into the tube in the 
n common manner, but requires the violent heat 
d, and agitation of boiling quickſilver ro detach it. 
Ta But it is very remarkable, that, after this aerial 
ry coating has been once effectually ſeparated and ex- 
1d pelled, if the tube be emptied, and ſome other, 
e, even cold, mercury be introduced into it, the baro- 
. meter thus exzemporaneou/ly made, will be nearly 


as perfect, or as free from air, as before. It will 
ſtand nearly as high as it did when it contained the 


of mercury, that had been boiled in it; if the ſame 

565 Frogs be now repeated, it will not be ſtudded with 

r- bubbles of air, as in the former operation; when 

ey the mercury has been completely boiled, the tubes 

160 may be cut off to their proper length by a file. 

1. When tubes are well boiled, the mercury 
SE I i 2 generally 


— — 
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generally remains: ſuſpended at top, and will not 
deſcend 20 it's proper level without ſhaking the 
tube to bring it down. 

That the changes in the height of the mer- 
curial column may be truly aſcertained, it is ne- 
ceſſary to know at all times the exact diſtance of 
the ſurface of the mercury in the tube, from the 
furface in the reſervoir or ciftern. 

The firſt point of the meaſure muſt commence 
from the ſurface of the mercury in the ciſtern; 
but this ſurface 1s variable, for when the mercury 
deſcends, a quantity of it falls into the baſon, and 
raiſes the ſurface thereof; and on the contrary, 
when it riſes, a quantity is taken out of the ciſtern, 
and the ſurface thereof is lowered. The ſcale of 
inches to the barometer 1s fixed ; but the ſurface 
of the mercury in the ciſtern from which it origi- 
nates is continually varying. To remedy this evil, 


it 1s neceſſary that the lower ſurface ſhould be al | 


ways kept at the ſame height from the diviſions 
on the ſcale affixed to the inſtrument. This is 
effected by means of a floating guage, which was 
firſt applied to the barometer by my Father, though 
others have, ſince his time, aſſumed the merit to 
themſelves. By means of the floating guage, the 
ſame ſcrew that renders the barometer portable, 
regulates the ſurface of the mercury in the ciſtern, 
ſo that it is always at the place from whence the 
diviſions on the ſcale commence. This guage is 
never applied to the common portable barometers, 
but only to thoſe of the beſt kind, 

Another circumſtance neceſfary to be attend- 
ed to in very accurate obſervations, is the effect 
of heat and cold on the barometer, as by theſe the 
mercurial column 1s either dilated or contracted ; 
for as all bodies expand and occupy: larger ſpaces 
when their temperature 1s increaſed, the mercury 


in the barometer will, when heated, be ſpecifi- 


cally 


C , 


Or MzrTroroLocy, © 485 


cally lighter, and will conſequently aſcend from 
that cauſe, though the preſſure of the air ſhould 
remain unchanged; and therefore, in order to 
know accurately the effect of the air's preſſure 
on the barometer, it is neceſſary to correct the 
height by the addition or ſubtraction of a quanti- 
ty equal to the influence of the temperature of 
the air thereon. In ſome caſes a ſcale of cor- 
rection 1s applicd to the thermometer accompany- 
ing the barometer, and which is indeed a neceſſary 
companion to it. 
2d. Condition. That the ſcale ſhould be of 
ſome known meaſure. It would have been totally 
unneceſſary to have mentioned this condition, had 
it not been to prevent you from being impoſed 
upon by venders of imperfect inſtruments. Some 
of theſe inſtruments have no determinate ſcale 
affixed to them; and thoſe which have a ſcale, have 
one that 1s in general ill graduated and erroneouſly 
placed, ſo that no comparative obſervations can be 
made with them; and often, indeed, no obſer- 
vation at all; as from the ſmall bore of the tube, 
they act as a thermometer, as well as a barometer. 


1 have already obſerved, that by enlarging the ſcale, 


error is multiplied, and uncertainty produced. 
3d. Condition. That the ſmalleſt changes in 
the height of the column of mercury may be diſ- 


cerned. 
To meaſure the ſmalleſt changes, a nonius 


diviſion moves with the index, by which each inch 
1s ſubdivided into 100 parts, and the height of 
the mercury is accurately obtaincd without any 


danger from parallax, by the peculiar conſtruc- 


tion of the index. 
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| The ſcale of inches is affixed t to. the right ſide 
117 | of 
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of the tube, the zero or beginning of the ſcale 
being at the ſurface of the mercury in the ciſtern, 
the index and it's nonius plate ſlide up and down 
in a groove, which is parallel to the line of inches, 
that the index may be ſet at any time to the upper 
ſurface of the column of mercury. 

Each inch, or line of inches, is divided into 
ten parts, which are again ſubdivided into ten, by 
means of the nonius ſcale; the whole inch being 
thereby divided into 100 equal parts. 


To READ OFF, OR ESTIMATE THE DIVISIONS or 
THE NoNIUsS SCALE. 


1. If that edge of the nonius ſcale, which is 


in a line with the index, coincides exactly with 


any diviſion on the line af inches, that diviſion 
expreſſes the height of the index from the ſurface 
of the mercury in the ciſtern, in inches and tenths 
of inches, But 2dly, If the foregoing edge does 
not coincide with any diviſion, you muſt look ſor 
that diviſion of the nonius, which coincides with a 
diviſion in the line of inches, and the number on 
the nonius ſhews how many tenth parts of the 
tenth, the index or edge has paſſed the laſt deci- 
mal diviſion. Thus for example, ſuppoſe the edge 
of the nonius was to point ſomewhere between 
29 inches 8 tenths, and 29 inches 9 tenths; then 
if by looking at the nonius, you obſerve the coin- 
cidence at 5, itſhews the altitude to be 29 inches 
8 tenths, and 5 parts of another tenth, or 


29, 85. 


Or THE common PORTABLE BAROMETER, 


This inſtrument, when made with care, will 
- anſwer for general and domeſtic obſervation, but is 
not ſuthczently accurate for philoſaphical purpoſes. 
1 - r "i 
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It conſiſts of a tube, of a proper length, accurate- 
ly filled with mercury; the lower end of the tube 
is glued to a wooden reſervoir, the bottom of 
which 1s formed of leather; into this reſervoir the 
ſuperfluous mercury deſcends, and the air, by preſ- 
ſing upon the flexible leather at the bottom of the 
reſervoir, keeps the mercury ſuſpended at it's pro- 
per height. This reſervoir 1s concealed from the 
eye by a neat mahogany cover, or box. This tube 
and reſervoir are placed in a frame, on the upper 

art of which is a ſilvered braſs plate; on the 
right hand fide of this plate is a ſcale of inches, 
reckoned from the ſurface of the mercury in the 
ciſtern ; each inch is divided into ten parts. Cloſe 
to the line of inches there 1s a ſlit, or groove, for 
conveniently ſliding the nonius ſcale and index up 
and down. The upper edge of the index and no- 
nius ſcale are ina line. It is the upper edge of the 
index that 1s to be ſet to the upper ſurface of the 
mercury. On the left-hand iide of the plate, the 
words FAIR, CHANGEABLE, RAIN, are engraved. At 


the bottom of the frame there is a ſcrew paſſing 


through the mahogany box which covers the re- 
ſervoir : a flat round plate is placed upon the end 
of the ſcrew within the box; this end is deſigned 
to preſs upon the leather bag, and force the mercu- 
ry up to the top of the tube, and thus prevent it 
from ſhaking, or violently ſtriking againſt the top 
of the tube when tranſported from one place to 
another. | 


/ 


To usk THE PoRTABLE BAROMETER. 
£2 i | 
1. Suſpend it againſt a wall, or wainſcot, fo 
that the tube may be perpendicular to the ho- 


rizon. 
2. Unſcrew the ſcrew at the bottom of the 


frame as low as it will go, and the mercury wi! 
a4 © „ 
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fall to it's proper height, and be obedient to the 

changes in the weight of the air. 

. 3. Set the upper edge of the index, ſo as to 
coincide with the ſurface of the mercury in the 
tube, and the nonius ſcale will point out the height 

of the column. 

4. Before i ee ſtrike the frame 
gently with the knuckles, to diſengage the quick- 
ſilver from the tube. 

5, If the barometer is to be moved from one 
place to another, turn the ſcrew, till the mercury is 
Preſſed by it againſt the top of the tube. 


DrEcrs OF THE COMMON Pon TABLE BAROMETER, 


It is neceſſary here juſt to mention ſome at the 
defects of this kind of barometer, in order to ren- 
der the advantages of the better kind more con- 
ſpicuous. 

1. It cannot be ſo adjuſted as to be ſure that 
the diviſions on the ſcale are at that height from 
the mercury in the ciſtern, which is expreſſed by 
the numbers affixed to them. As when the mer- 
cury falls in the tube, it riſes in the reſervoir ; and 
when it riſes in the tube, it falls in the reſervoir; 
it's diſtance is perpetually varying from the divi- 
ſions of the ſcale. 

2. The tenſion of the leather forms a conſi- 
derable reſiſtance to the preſſure of the atmo- 
ſphere, 


Or THE BEST POKTABLE BAROMETER, 


This barometer, like the preceding, conſiſts of 

a glaſs tube, properly filled with mercury, having 

the lower end tixed to a wooden ciſtern, with a 

leather bottom, and this tube and ciſtern placed i in 
a * frame. 

On 
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On the upper part of the frame a braſs plate 
is placed; on the right-hand ſide of the tube a 
ſcale of inches is graduated on the plate, the be- 
ginning of the ſcale being at the ſurface of the 
mercury in the ciſtern: each inch is divided into 
ten parts, Which are again ſubdivided into tenths 
by the nonius ſcale. 

The nonius plate carries two indexes, exactly 
ſimilar to each other, one placed before the tube, 
the other behind it. The indexes may be raiſed or 
depreſſed, by turning the key, which fits into a 
{mall hole in the trame, directly under the groove 
of the nonius plate. 

On the left hand of the tube a ſmall thermo- 
meter 1s placed, with Fahrenheit's ſcale; there 1s 
an index to the thermometer, which may be ſet by 
the ſame key as the barometer, only putting it in- 
to the ſmall hole under the thermometer, and turn- 
Ing 1t round till the index points to the mercury in 
the thermometer. A ſcale for correcting the ex- 
panſion of the mercury in the barometer, is 
often graduated cloſe to the ſcale of the ther- 
mometer. 

The upper part of the bar is covered 
with a glaſs plate, to prevent the ſilvering of the 

late from being injured by dirt, or being corrod- 
ed by the action of the air. 


Or THE LOWER PART OF THE BAROM ETER. 


The lower end of the tube is immerſed in the 
ciſtern which contains the mercury; the ciſtern is 
covered with a mahogany box; at the bottom of 
the frame is a ſcrew, to raiſe or lower the ſurface 
of the mercury ; at the top of the ciſtern 1s a hole, 
which is fitted with an ivory ſcrew, to be placed 
there occaſionally for the conveniency of tranſ- 

porting 
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porting the inſtrument ſafely from one place to 


another. 

The guage conſiſts of a ſmall ſtem of ivo- 
ry, ariſing from a float of the ſame ſub. 
ftance ; a circular diviſion is cut round this ſtem; 
the ſtem paſſes through a ſhort cylinder of ivo- 
ry, which is cut open in front; on this front 
two ſmall diviſions are cut; at the bottom of 
this cylinder 1s a male ſcrew, to fit the female 
ſcrew of the ciſtern; the upper part of the 
guage is protected by a tube of glaſs perforated 
at top. 


To usk THIS BAROMETER. 


1. The barometer being fixed in a perpendi- 
cular poſition, unſcrew the ſcrew at bottom as far 
as it will go without forcing it. 

2. Take out the ivory ſcrew at the top of the 
ciſtern, and place it between the ſcroles on the up- 
per part of the frame. ; 

3- Screw the guage into the place from 

whence the ivory ſcrew was taken. 
| 4. Screw up that ſcrew which is at the bottom 
of the frame, until the line. on the float exactly 
coincides with the two lines on the front of the 
ivory cylinder. | 

5. Strike the barometer gently with the 
knuckles, and then ſo fet the lower edge of the 
front index to the convex ſuriace of the mercury 
that it may be at the ſame time in a line with the 
edge of the index behind the tube; and the nonius 
will then give the true height of the mercurial 
column, from the ſurface * the mercury in the 
ciſtern. 

6. The preceding rule ff ſetting the guage 
muſt be complied with previous to every obſerva- 


tion. 
7. If 


2 oy 5 My + Wy A 
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7. If the barometer is to be tranſported from 
one place to another, the guage muſt be removed. 
and the ſolid ivory ſcrew inſerted in it's place; af- 
ter which, the mercury in the tube may be forced 
gently up to the top thereof, by the ſcrew at the 
bottom of the frame. 


Or THE SCALE OF CORRECTION. 


This ſcale is placed cloſe to that of the ther- 
mometer ; but on the right-hand ſide, the zero, or 
o degree of this ſcale, correſponds to the 55th de- 
gree of the thermometer. ; 
I. If the barometer is at 30 inches, and the 
thermometer at 55 degrees, no correction is neceſ- 
ſary. gg 

: 2. But if the thermometer be under 55, and 
the barometer at 30 inches, you muſt add to the 
height of the barometer as many of the rooths of 
inches as are on the ſcale of correction oppoſite to 
the degree of the thermometer. 

3. If the thermometer be above 55, and the 
barometer at 30 inches, you muſt ſubtract as many 
looths as are indicated by the given degree of the 
thermometer on the ſcale of correction. 

4. The ſcale applied to the thermometer an- 
ſwers for the general range of meteorological ob- 
ſervations ; but if the height of the barometer be 
very far diſtant from 30 inches, it will be neceſſa- 
ry to make uſe of the rule of three, in order to ob- 
tain the true correction: for inſtance, let the baro- 
meter be at 26 inches, which we will call P, c the 
correction indicated by the thermometer, x the true 
correction: then as 30: P:: : x; or x, which 
is to be added to the height of the barometer 
whenever the thermometer is under 55 degrees, but 
to be ſubtracted when it is above 55. | ol 

* 
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Or THE THERMOMETER. 


No inſtrument is of more importance for mak. 
ing diſcoveries in meteorology than the ther. 
mometer, as 1t points out the temperature or de- 
gree of heat of the air and other bodies. Hear 
and, cold are perceptions, the ideas of which we 
acquire by the ſenſes. Our ſenfations are however 
inadequate meaſures of heat and cold, for they de- 
pend not only on the ſubſtance which excite them, 
but on the actual ſtate of our bodies at that time: 
we cannot, therefore, conclude the exact identity 
or ſimilarity of the cauſe, from the ſameneſs of the 
ſenſations, unleſs we can be aſſured that our bodies 
are in the fame ſtate: if they be not, the fame ob- 
jects will produce very different ſenſations. Thus 
if the hand be plunged into lukewarm water, this 
water will appear cold if the hand be warm; but 
if the hand be cold, the water will appear to be 
warm ; though in both caſes it poſſeſſes the fame 
temperature. | 
| Our ſenſes are, therefore, both imperfect and 
deceitful meaſures of heat; and we cannot aſcer- 
tain, by their means only, the ſtate of the ſurround- 
ing bodies with reſpect to heat or cold. This oc- 
caſioned philoſophers to ſeek for ſome method by 
which they might determine the temperature of 
bodies with more certainty. This they found in 
the property of fire to dilate and expand all bo- 
dies, whether ſolid or fluid; and of cold, to con- 
tract or condenſe them. This expanſion and con- 
traction is confidered as a meaſure infinitely more 
certain of the degrees of heat and cold, than the 
ſenſes. | 
It would appear from this expanfion, that fire, | 
when it is agitated by that motion which we call | 
beat, always acted as if it wanted more room, and 


this in ſuch a wonderful manner, as if every parti- 
| cle 
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ele of ſpace in which it exiſts were a radiant point 
or center, from whence it ſpreads forcibly outwards 
in every direction; and conſequently when fire, 
thus acting, is admitred into the pores of bodies, 
their parts muſt be ſtretched out, and their dimen- 
fions every way increaſed, according to the depree 
of fire by which they are acted on. Some idea of 
the force of this expanſion may be gained by con- 
ſidering how vaſt a weight may be ſuſpended from 
a bar of iron, or braſs, in a vertical poſition, with- 
out ſeparating the parts of the metal, or overcom- 
ing the force with which they cohere. Now this, 
fire eaſily executes, ſo far relaxing the texture of 
braſs and iron, that their parts will fall aſunder 
with nothing but the torce of gravity. 

Thermometers are inſtruments which meaſure the 
degree of heat by the expanſion of bodies, Fluids 
are thoſe generally uſed, becauſe they are dilated 
more readily than ſolids; and quickſilver is pre- 
ferred to other fluids, becauſe it's expanſibility is 
not affected by the different circumſtances in 
which it is placed; it does not ſoil the tube like 
many other fluids, and at the ſame time affords an 
extenſive ſcale of diviſions. 

A thermometer is a tube of glaſs, the end of 
which is blown into a ball or cylinder; the ball, 
and part of the tube, is filled with mercury. The 
fluid in the ball dilates by the heat, and contracts 
with the cold, which occaſions the fluid in the 
tube to riſe and fall; and the ſmaller the bore of 
the tube is in proportion to the ball, the more vi- 
fible will be the rife of the fluid by a ſmall expan- 
fion. We may, therefore, conſider this inſtru- 
ment as a convenient meaſure of the changes of 
heat and cold, which is thewn by the ſcale to 
which the tube is affixed. 
1 But it is not ſufficient to have found a mea- 
ure of heat; it muſt be univerſal, always fpeak- 

I | ing 
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ing the ſame language, and awaking the ſame ideas 
in the mind, in all places, and at all times. 

To this end it is neceſſary, 1. That this mea. 
fure ſhould begin from a known and determinate 
point. And, 2. That another point, equally cer. 
rain as the firſt, but at ſome diſtance from it, be 
fixed upon. And, 3. That the ſpace between them 
be divided into a certain number of parts, 
which in all inſtruments will have a conſtant pro- 

rtion. 

It has been fully proved, that the temperature 
of freezing water, or melting ice, is conſtantly the 
ſame in all places, and at all times. The ſame may 
be ſaid of boiling water, under a given preſſure of 
the atmoſphere. If, therefore, the ball of a ther- 
mometer be plunged into melting ice, and after- 
wards into boiling water, and left in each till it ac- 
quires their temperature, and marks are made at 
the reſpective heights at which the mercury ſtands 
in each, two fixed points will be obtained. To be 
more particular: 

When ice is at the melting temperature, what- 
ever be the hea? you apply to it, it does not become 
hotter; a thermometer in the middle of the maſs, 
continually ſtands at the thawing point as long as 
any of the ice remains about it, ſo that the ſame 
cauſe, which in other circumſtances would produce 
heat, here only produces liquifaction. Hence it is, 
that melting ice, or freezing water, is ſo well 
adapted for giving one of the fixed points of a 
thermometer. Ihe quantity of fire ab/orbed by ice 
in melting, 1s ſuch as would increaſe the tempera- 
ture of the water about 140 degree: : converſely, 
waler may be cooled 18 degrees below the freez- 
ing point, without freezing: congelation cannot 
tt place till a certain portion of the combined 
or latent fire is diſengaged ; when any part does 
congeal, the fire let looſe, raiſes the thermometer 

I | to 
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to the freezing point, and it continues there till 


the water 1s frozen; after which, as the water in 
the firſt caſe, ſo the ice in the latter, obeys the ex- 
ternal temperature. 

Continual acceſſion of fire arrives at water 
when boiling, without increaſing the heat there- 
of; for ebullition, under any given preſſure, can- 
not take place, till the vapour produced in the li- 
quid, has obtained a degree of expanſive force, 
ſufficient to raiſe the liquor into bubbles; under 
that preſſur e, and ſo long as the vapour retains this 
heat, it muſt continue capable of reſiſting the ſame 
preſſure; as the heat abates, a decompoſition takes 
place, which occaſions the opake ſteam over boil- 
ing water. 

Theſe principles explain the fixity of the 
boiling point, for vapours cannot be formed with- 
in the maſs, unleſs they have ſufficient expanſive 
force to diſplace or raiſe it into bubbles: they can- 
not acquire this force, till the heat is arrived at a 


certain point, and as ſoon as they have acquired it, 


they eſcape in virtue of that expanſion : further ac- 
ceſſion of fire paſſes off in the fame manner, and 
only accelerates the evaporation. 

Though boiling water under the ſame preſſure 
has always the ſame heat, it may be made, before it 
does boil, to receive a greater heat, than it can re- 
tain when it does boil. In a veſſel with a very 
narrow orifice, filled with water, well purged of 
alr, though the water ſuſtains no other preſſure 
than that of the atmoſphere, yet it's particles meet 
with ſo much reſiſtance to their ſeparation, that 
Mr. de Luc found it would receive, without boil- 
ing, a heat 22 degrees above the boiling point; as 
ſoon as vapours could form themſelves, their ex- 
panſi ve force was ſo great, that they puſhed a large 
quantity of water out of the veſſel, in the way of 

exploſion, 
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_ exploſion, but the remainder was immediately re- 


duced to boiling heat. 

The vapours of boiling water ariſe from with= 
in the maſs, but water may yield from it's ſurface 
vapours of an equal expanſive force, provided they 
are confined in a place of equal temperature with 
themſelves. Thus if water be introduced above 
the mercury in a barometer, the vapours it pro- 
duces in a temperate warmth will preſs down the 
mercury nearly half an inch. In the heat of boil- 
ing water, they will depreſs it to the level of the 
mercury in the baſon; being then become equiya- 
lent to the preſſure of the atmoſphere in a greater 
heat, they will depreſs it below the level, and eſ- 
cape at the bottom of the tube, the water giving 
no ſigns of ebullition to the laſt. 


In making thermometers, care ſhould be taken 


that the tubes uſed for that purpoſe be very clean, 
and very dry; the next thing is to examine whether 
the bore of the tube is equal and cylindrical 
throughout; this is eaſily performed, by immerg- 
ing one end of the tube in mercury, and taking it 
out, previouſly ſtopping the other end with the 
finger; by this means, a ſmall portion of the mer- 
cury will enter the tube, more or leſs in proportion 


to the depth the tube is immerged ; meaſure the 


length of this portion of mercury, and then ſlide 
it backwards and forwards in the tube. If the 
length thereof is the ſame in all parts, the tube is 
a regular cylinder; but if otherwiſe, the diameter 
varies, and the tube cannot be uſed to form a good 
thermometer, unleſs the diviſions on the ſcale are 
proportioned to the different lengths of this mer- 
curial cylinder. 

The tube being choſen, the bulb is to be 
blown; if the tube was very regular, you may now 
begin to fill it; if not, you muſt find the propor- 
tion of the inequalitics to adapt the diviſions there- 

to; 
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to; to this end tie a paper funnel over the end of 
the tube, and pour a ſmall quantity of mercury 
therein, then hold the bulb over the flame of a ; 
candle or lamp, and let ſome of the air paſs out 
of the bulb through the mercury; take it now from 
the lamp, and as the ball cools the mercury will 
begin to enter, the tube; admit about half an inch, 
take the exact meaſure thereof, meaſure the length 
of this portion in different parts of the tube, and 
you will thereby obtain data for proportioning the 
diviſions to it's inequalities. 5 

If you have any reaſon to ſuſpect that there is 
moiſture in your tube, it would be proper before 
the preceding operation to clean it; this may be 
done by laying the tube on a plate of i iron, or over 
a chaffing-diſn in which there is only a ſmall fire 
mixed with cinders; it ſhould be continued there 
till it is ſo hot that you muſt uſe a glove or a ſmall 
pair of pincers to hold it, taking care not to warm 
the bulb. This proceſs dilates the included alr, 
conſumes ſmall particles of dirt imperceptible to 
the eye, and'evaporates moiſture. While things are 
in this ſtate, ſuddenly heat the bulb, and the air 
being thereby dilated, drives before it all theſe im- 
purities, and leaves the tube as clean as "ou can 
deſire. 

To fill the bulb * tube, tie on a paper 
n as before, and put ſomewhat more mer- 
cury therein, than you think will fill the ther- 
mometer; hold the bulb over the flame of a lamp 
or a ſmall candle newly ſnuffed, this will expand 
and force part of the air from the bulb; when you | 
think a ſufficient quantity 1s expanded, withdraw 
the tube from the candle; in proportion as the bulb 
cools, the remaining air will be-condenſed, and the 
ſpace it occupies will be occupied by the mercury ; 
by thus alternately cooling and heating the bulb, it 
is at laſt N filled. 5 

Vom IV. K k When 
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When the bulb is nearly filled, you muſt boil 
the mercury therein, by applying it over the flame 
of a lamp, or that of a fnuffed candle. The air in- 
cluded in the mercury, and that which lines the 
tube, dilates itſelf, is collected in ſmall bubbles, 
and expelled by the firſt ebullition; when the 
mercury boils violently, a great part of the con- 
tents will ruſh up the tube into the paper reſer- 
voir. Remove the bulb from the flame, and re- 
peat the operation, till the diminiſhed noiſe and 
agitation ſhews that it is deprived of it's air and 
moiſture. e 5 
After the boiling is completed, and the tube 
cool, plunge it in melting ice or ſnow, which 
gives the temperature of 329. Take off the fun- 
nel, and hold the bulb in the hand, and afterwards 
in the mouth; the heat thereof will cauſe ſome of 
the mercury to drop out of the tube; cool it again 
to 329, and mark where the mercury ſtands. The 
diſtance between this mark and the top of the 
tube, meaſures the interval between freezing and 
blood heat, or 32 and 95, that is 639, and will 
conſequently point out whether the degrees will 
be large or ſmall, and what extent your ſcale is 
capable of.* m— | Fd | 
When the number of degrees to which the 
length of the tube will extend is thus known, you 
may ſettle whereabouts you will have the freezing 
555 which may be nearer or further from the 
ulb, according as your inſtrument is deſigned to 
meaſure great or ſmall degrees of heat or cold. 
Now prepare the upper part of the tube for ſeal- 
ing, by drawing it out to a fine capillary tube; then 
heat the bulb in the candle till a few particles of 
mercury have fallen off the top of the tube, and 
afterward try if the freezing point is fufficiently 
8 | | near 


- * Nicholſoa's Firſt Principles of Chemiſtry, p. 26, 27, 28. 
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near the bulb; if it be not, you muſt repeat the 
operation, being careful however not to throw out 


too much mercury at a time. Have two candles 


now ready, one to heat the ball, the other to 
clofe the tube. The blow pipe being i in readineſs, 
the upper part of the tube near the flame of one 
candle, and the bulb near the flame of the other, 


the mercury will riſe, and at laſt begin to form a 


globule at the point of the capillary tube; at this 
inſtant the bulb muſt be withdrawn from the flame 
of the lower candle, and the flame of the upper 
one be directed by the blow-pipe upon the point of 
the tube. This will be immediately ignited, and 
will cloſe by the melting of it's parts before the 
mercury has perceptibly ſubſided. When the mer- 
cury has fallen, the ſealing may be rendered more 
ſecure by fuſing the whole point of the tube till it 
becomes ſound. 

Io ſettle the freezing point, you have only 
to immerge the thermometer ſo deep in melting 
ſnow or ice, that the mercury may be ſcarcely 
viſible above the ſurface, and then carefully mark 
the place at which it ſtands. For the Boiling point, 


the Royal Society adviſe a veſſel to be provided 


ſomewhat longer than the thermometer, with a 
cover and two holes therein ; one about an inch 
in diameter for the ſteam to eſcape, the other 
ſmaller to hold the thermometer tube. When this 
is uſed, the thermometer muſt be faſtened in the 
cover, fo that the eſtimated place of the boiling 


Point may be juſt above the hole ; water muſt then 


e put in the veſſel, but ſo as not to touch the bulb 
of the thermometer, when the cover is placed on. 
The cover being put on, and a thin plate of metal 
laid on the ſteam hole, you are to make the water 
boil by heat applied to the bottom only; the ther- 


mometer will thus be ſurrounded by ſteam which 


8 
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will raiſe it's temperature to the boiling point, and 


this muſt be carefully marked on the tube. 
Fahrenbeir's ſcale is that which is uſed in Eng- 


land: the freezing point is called 32, the boiling 


water point 212; ſo that there are 180 degrees, or 
diviſions, between them, which may be extended 
upwards and downwards, as far as is neceſſary. 

Foreigners uſe NReaumur s, or rather De Luc's 
ſcale, where the freezing point is called o, and 
the boiling water point 80. 

Two thermometers are neceſſary for accurate 
obſervation; one to be ſuſpended within doors, 
near the barometer; the other out of doors. That 
without doors ſhould be placed at the north ſide of 
the houſe, or where it will be ſheltered from the 
rays of the ſun. 

I have already ſhewn you,* that the increments 
of expanſion in a mercurial thermometer are-nearly as 
the increments of heat ; or in other words, that the 
dilatations and contractions of the fluid are nearly 
proportional to the quantities of fire, which are 
communicated to, or ſeparated from the ſame ho- 
mogeneous bodies, as long as they remain in the 
fame ſtate. Thus the quantity of fire required to 
raiſe a body four degrees in temperature by the 
mercurial thermometer, 1s nearly double what 1s 
required to raiſe it two degrees, and four times what 
is neceſſary to raiſe it one. This is proved by put- 
ting a thermometer firſt in cold water, and then 
into water heated to any degree, noting the alti- 
rudes ; then putting equal quantities of "theſe two 
waters together, which will give a mean heat, and 
the mercury in the thermometer will ſand at the 
mean altitude between-the two before obſerved ; 
this is found to be true, whatever be the tempera- 
tures of the two parts of water. 

THOSE | in the ſenſe here explained the ther- 

mometer 


Vol. I. p. 249, 250; ſee alſo p. 401 to 404. 
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mometer is an accurate meaſure of heat, yet I 


have alſo ſhewn you, that it can only indicate the 
proportions of that action of fire by which bodies 
are expanded, but is by no means a meaſure of the 
whole quantity of fire diſengaged, diſplaced, or 
abſorbed ; properly ſpeaking, it is therefore only a 
ſcale of expanſion indicating certain tranſlations 
and transfuſions of the igneous fluid. 

Ir may be proper to obſerve to you, that olaſs 
is dilated and contracted by heat and cold together 
with the fluid, and conſequently the apparent va- 
riations in the dimenſions of the fluid are the dif- 
ference between the real cotemporary expanſions, 
or ſum of the cotemporary contractions of the 


glaſs and the fluid. The changes ariſing from 


theſe cauſes, are too inconſiderable to be worthy of 
notice in the general uſe of this inſtrument ; the 
change of dimenſion in the glaſs is prior to that in 


the fluid; hence the fluid is found to ſink before 
it's riſe, upon an increaſe of temperature; and if the 


bulb be large, ſome time may elapſe before the fluid 


acquires the ſame temperature with the glaſs. The 


preſſure of the atmoſphere on the outtide of the 
bulb not being counteracted by any air within, 
will affect it's magnitude, diminiſhing 1t as the 


preſſure is increaſed. The variation on the ſcale 


occaſioned by this cauſe is, like the preceding one, 
very ſmall, being never above one-tenth of a 


degree. 
Or Tas RAIN-GUAGE. 


It is els towards forming a ſyſtematic 
idea of the weather and it's various changes, to 
meaſure the quantity of rain which falls upon the 
earth; and this is done by what is called a rain- 
Se. 

The rain-guage is a very ſimple inſtrument, 
conſiſting of a ſquare tin funnel of twelve inches 


K k 3 diameter, 
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diameter, communicating with a tube or cylinder 


of tin, into which the rain is conveyed by the 
funnel, The depth of the water is meaſured by a 
rule fixed to a float; this rule paſſes through the 
center of the funnel. The diviſions on the rule 
ſhew the number of cubic inches of water that have 
_ in a given time on a ſurface of one ſquare 
oor, | | 
To uſe the rain-guage, ſo much water ſhould 
be firſt poured in as will raiſe the float, ſo that the 
zero, on the rule, may exactly coincide with the 
aperture of the funnel. The funnel is ſo con- 
trived, as to prevent the water from evaporating. 

This guage ſhould be fixed down firmly in a 
place, 'where, whatever wind blows, the fall of the 
rain may not be intercepted by the houſe, or any 
other impediment. | | 


Or Tus HyGROMETER, 


The Hygrometer is an inſtrument, intended to 
diſcover the moiſture contained in the atmo- 
ſphere. | 

As the ſubſtances that are affected by moiſ- 
ture are very numerous, ſo alſo are the contrivances 
that have been executed to indicate the degrees of 
moiſture, and render ſenſible the ſmalleſt varia- 
tions in the ſubſtances influenced thereby. Thus, 
wood expands by moiſture, and contracts by dry. 
neſs; on the contrary, chord, catgut, &c, contract 
by moiſture, and lengthen by dryneſs; conſequent. 
ly the contraction and expanſion of theſe ſubſtan. 
ces indicate different ſtates of the air with reſpect 
to moiſture. The twiſted beard of a wild oat, 
with a ſmall index fixed to it, moveable againſt 
a ſcale, makes a very good hygrometer ; for, the 
twiſting being affected by the variations of moiſ- 


ture, moves the index, 
Mr, 
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24 7 (os who has laboured more on this 
ſubject, and with more ſucceſs than any other man, 
after making an immenſe number of experiments 
to find out a ſubſtance, whoſe expanſion increaſes 
moſt, nearly in proportion to the quantity of moiſ- 
ture imbibed, found that whalebone and box, cut 
acroſs their fibres,” increaſed very nearly in pro- 
portion tothe quantity of moiſture, and more ſo than 
any other ſubſtances which he tried. He, however, 

referred the twhalebone ; 1ſt. on account of it's 
ſteadineſs, in always coming to the ſame point at 
extreme moiſture ; 2dly. on account of it's greater 
expanſion, increaſing in length above one eighth 
of it's length, from extreme dryneſs to extreme 
moiſture; laſtly, becauſe it is more eaſily made thin 
and narrow. 

As the whole atmoſpheric œcõοπõοmy, as far, at 
leaſt, as relates to the weather, depends upon, or is 
connected with the ſtate of the vapour it contains, 
it is rather ſurprizing that we find ſo few hygro- 
metrical obſervations among the many meteoro- 
logical diaries that have been publiſhed. From 
time immemorial, the effects of moiſture have been 
conſidered as prognoſtic of the weather, as is evi- 
dent by the confidence the houſewife places in her 
falt-box, the carter in his whit-leather ry and 
the failor in his ſhrouds. 

But Whether the hygrometer be a prognoſtic Ir 
not of the weather, it is certainly of the utmoſt 
importance to the natural philoſopher, and would 
probably prove a valuable oracle to the farmer, 
which is fully evinced by the following obſervation 
of Mr. Marſhall, in his minutes of agriculture. 
« Yeſterday morning, (ſays he) while the hygro- 
meter ſtood at 2 degrees moiſt, the peas were by no 
means fit for carrying; the halm was green, and 


s 


the peas ſoft. About ten o'clock the hy grometer 


fell to 1 degree dry; before one the peas were in 
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good order; I went up. into the field, ty on 
the worD of the hygrometer, and, found the peas 
fit to be carried.” It is plain, therefore, that on 
a ſcattered farm, in hay-time and harveſt, an hy. 
grometer muſt be peculiarly uſeful, _ 

| Before I proceed to take further notice of hy- 
grometers, it will be neceſſary to remind you of 
the principles I have already laid down concerning 
evaporation and vapour ; for, unleſs theſe are pro- 


| perly attended to, you will never be able to attain 


any fixed and certain notions of meteorology.— 
Atmoſpherical fluids are diviſible into two clafles, 
vapours and aeriform, the diſtinctive characters of 
which are theſe: vapours are decompoſed by pre/- 
ſure, but aeriform fluids bear the ſtrongeſt com- 
preſhon without decompoſition.: vapour are de- 


compoſed in veſſels hermetically ſealed by the 


ſpontaneous, eſcape of fire; but aeriform fluids can 


| only be decompoſed by ſome ſubſtance, to which 


their gravitating matter has more affinity than to 
the fluid which maintains them in an aeriform 
ſtate. In vapours the proportions of the compo- 
nent parts are very variable, according to the ſub- 
ſiſting circumſtances ; but aeriform fluids, when 
once formed, continue in the ſame ſtate, and can 
only be changed by chemical cauſes : the difference 
ariſes from the weakneſs of the union of water in 


vapour with fire, ſo that it can ſeparate itſelf there- 


from by the mutual tendency of it's own particles, 
when they are brought within a certain diſtance 
one of the other, and becauſe fire can ſo eafily 
quit them, to reſtore certain equilibria with reſpect 
to itſelf. 

By watery vapour, I do not here mean vif ble 
opake fleam or vapour, becauſe that 1s vapour in a 


fate of decompoſition ; I mean the inviſible and rran/- 


parent exhalations, which conſtitute a peculiar and 
diſtinct Ain. ä and compreſſible, . 
af 


| ” 


1 poſſeſſing the mechanical. properties of aeri- 
form fluids, and exerciſing theſe e whether 
mixed with them or alone. 

| The /pecific gravity of theſe vapours. is above 
one half leſs than that of common air; that is, 
when they exerciſe a certain expanſive force, whe- 
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ther alone or mixed with air, their maſs is above 


one half leſs than a like volume of air, which 
would exerciſe the ſame expanſive force. 

In the courſe of our Lectures on fire, I ſhewed 
you that vapour conſiſts of particles of fire, united 
with thoſe of water, and that there was no foun- 
dation for the hypotheſis which conſidered it as 4 
chemical ſolution of water by air. This is, how- 


ever, an hypotheſis that has been adopted by ſo 


many writers, though contrary to every circum- 
ſtance duly examined, and of ſuch conſequence in 
meteorology, that I ſhall again make a few remarks 


thereon. I ſhall firſt notice the phenomena of air 


contained in water, and ſhew you that theſe have 
no relation to the common notions of ſolution. 
If water be placed in a receiver, and a vacuum 
made, a number of air-bubbles are formed in the 
midſt of the water, which increaſe in ſize, and 
then eſcape. Now, there is no principle in the 
theory of diſſolution, which can explain, why a 
menſtruum, becauſe it is leſs preſſed, ſhould let go 
the ſubſtance that it had diſſolved ; whereas it 
ſnould hold it ſtronger if the menſtruum is thereby 
dilated. When the water ceaſes to produce air by 
this operation, if you agz7ate it ſtrongly, more air 
is diſengaged ; this alſo is contrary to the theory of 
diſſolution, for this is promoted by the agitation 


of the menſtruum. When both theſe methods ceaſe. 


to be efficacious, more air may be diſengaged by 
heal, here the hypotheſis is contradicted at it's very 
foundation ; the ſole plauſibility on which it reſted, 


Was gerived from the idea that the air could contain 
more 
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more water when it's heat was greateſt, which of 
courſe muſt alſo take place with reſpect to air 
contained in water, to which you ſee this fact is 
diametrically oppoſed. I have ſhewn you in the 
Lecture on fire, that the phenomena of aqueous 
Vapour are the fame in vacuo as in open air, that 
it may be produced in vacuo, without any concur- 
rence of the air. The dentity of the vapour is the 
fame every where at any temperature, provided 
the particles thereof keep at a certain diſtance 
from each other. This denſity in every ſpace, and 
at every temperature, is determined by a certain 
minimum diſtance among the particles of the 
vapour. It is ſufficient for their confervation 
as vapour, either in dacuo or in air, that they 
are not forced to approach within this diſtance. 
The product of evaporation is always of this na- 
ture, namely, an expanſible fluid, which either 
alone or in air affects the manometer by preſſure, 
and the hygrometer by moiſture, without any dif- 
ference ariſing from the preſence or abſence of air. 
I may again, therefore, repeat after M. de Luc, 
that every phenomenon proves that ihe hypotheſis of 
tbe foiution of water by air is vague, without any 
Holid foundation, unneceſſary for the explanation of 
evaporation, while it involves every branch of Pbi- 
Iiſo phy in obſcurity.“ 
Evaporation is @ difſolution of water by fire. 
" moſt deciſive reaſon in ſupport of this opinion 
„that every liquid cools when it evaporates ; the 
pdirivn of the liquid that diſappears, being carried 
away by a quantity of fre proceeding from the 
liquid itſelf. Mr. Watt has ſhewn, that in the 
common evaporation 91 water in open air, the 
5 enn, 


* See Mr. de Luc's Letters, dans le Journal de . his 
Idees ſur la Meteorologie. 

See allo further proofs of the errors of the chemical idea of 
Water being olveSby air, in Vol, 2. Lecture 13, p. 76 and 77. 
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quantity of heat loſt by the maſs, bears to the 
quantity of water carried away, a proportion ſtill 
reater than that which is found in the ſteam pro- 
duced by boiling water. | 
As vapour conſiſts of fire and water united, 
and forming a new compound, the /pecific. proper- 
tics of each of the component parts are in certain 
reſpects ſuppreſſed, as in other chemical operations, 
the water loſes it's faculty of moiſtening, and the 
fire that of producing heat; hence the loſs of heat 
in the evaporation of liquids, and the augmenta- 
tion of heat inthe decompoſition of vapour. The 
particles both of fire and water ſtil], however, re- 
tain the faculty of maintaining their reſpective 
equilibrium between the medium and ſurrounding 
bodies. Thus the particles of water ſtill retain the 
tendency of uniting together, and this union takes 
place whenever they are ſo near each other, that 
this tendency can ſurmount the effort of the fire, 
which keeps them diſſeminated. | 
Of courſe, the leſs the quantity of free fire 
(or the cauſe of heat) in a given ſpace, the greater 
is the diſtance at which the particles of water can 
exert their faculty of uniting together, and of 
abandoning their latent fire. The precipitation of 
water or final union, therefore, takes place when 
the denſity of vapour has exceeded certain limits, 
which limits depend on the temperature ; for the 
greater the quantity of tree fire in a given ſpace, 
the nearer the particles of vapour may approach 
each other without being decompoſed, that is, 
without the watery particles, in conſequence of 
their natural tendency, reuniting together, and quit- 
ting the fire with which they were aſſociated. | 
Thus there is neceſſarily a minimum of diſ- 
tance of the aqueous particles, beyond which the 
vapour cannot be compreſſed without being de- 
compoſed; and this is different in different degrees 


po 
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of heat, but conſtant in the ſame. When vapour 
is mixed with air, they can ſuſtain a much greater 


prefſure than they can by themſelves, becauſe the 
air ſupports the preſſure, and prevents the particles 
from being forced within their minimum diſtance; 
and it is thus that vapours ſubſiſt in the atmoſ; phere, 
| without being decompoſed by it's preſſure. 
Vapours are decompoſed not only by the mu— 
Vol approach of the particles, but alſo in virtue of 
the affinity of water to thoſe ſubſtances that are 
called hygro/copic, of which . fire may be reckoned 
one. The principal law of this affinity is, that 
the water diſtributes itſelf to all the ſubſtances of 
the claſs that are within it's reach, to every one 
alike, proportional to it's capacity of retention, 
If new fire be introduced into a given ſpace, where 
there is no ſuperabundant water, it will ate away 
ſome of the water from all the hygroſcopic ſub. 
ſtances, and diminiſh their humidity. If ſome of 
the fire be taken away, the water that was united 
thereto, will be divided among all the reſt ; and if 
any other hygroſcopic ſubſtances be introduced, 
containing a greater or leſs quantity of humidity 
than thoſe already there, the ſurplus of humidity 
will be divided among them. It is by fire that this 
diftribution is effected; the particles of this element 
being always in motion, take up the water from one 
that has more than it's ſhare, and give it out to 
another that has leſs. Thus hygroſcopic ſubſtances 
have their humidity always proportional to the 


places they are in. 
Hygroſcopic ſubſtances are of three diſtindt 


claſſes: iſt. Thoſe that ſeize on the water of va- 


pour, by a chemical affinity with that liquid ; 
among theſe are acids, ſalts, and calces. 2d. Thoſe 


that imbibe the water, by the tendency 'it has to 


propagate itſelf in capillary pores, but from their 
nature receive no ſenſible increaſe of bulk by it's. 


introduction; 
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introduction; ſuch are porous ſtones. 3d. Thoſe 
that, imbibing a certain quantity of water, are 
thereby expanded; and theſe are moſt of the ſolids 
of the vegetable and animal kingdoms. Mr. de 
Luc, by a long ſeries of experiments, to which I 
muſt refer you, ſhews, that the ſubſtances of the 
laſt claſs are the only ones proper for hygrome-- 
ters, and that even in this claſs, to avoid fallacy, 
in reſpect to the moſt important phenomena, we 
muſt uſe thoſe that ceaſe to lengthen, only when 
they cannot be penetrated with more water. | 

Here, however, it will be neceſſary to define 
in what ſenſe we uſe the words moiſture and humi- 
dily, for in the manner they are commonly uſed, 
they ſometimes imply a caule, ſometimes an effect; 
this ambiguity 1s not peculiar to theſe words, you 
will find many others uſed in philoſophy as ambi- 
guous, particularly when they have been applied 
to certain phenomena, the cauſes of which are not 
determined. a | 0 

Mo1sTuRE, in a general ſenſe, may be conjidered 
as inviſible water, producing obJervable pheno- 
mena. | TE, | 
Thus in hygre/copic bodies, the quantity of 
water which expands them, and increaſes their 
weight, is concealed within their pores ; and in 
the ambient medium, that water which affects hy- 
groſcopic bodies, being there under the form of 
vapour, is as inονν “e as the air itſelf. 

But in reſpect to hygrometry, where moiſture is 
conſidered as having correſpondent degrees in the 
medium, the word requires a more particular de- 
termination. Moiſture may be either totally ab- 
ſent or abſolutely extreme, both in the hygroſco- 
pic bodies and in the ambient medium; hence, 
both in the whole and in correſpondent parts, 
moiſture aſſumes in the medium the character of a 
„ e cauſe, 
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cauſe, and in hygro/copic bodies that of an effect. 
| Theſe two circumſtances furniſh us alſo with a 
fixed module for determining correſpondent de- 
grees. 5 5 : 3 
Moiſture is totally abſent, firſt, in the medium 
when it contains no vapour, and then as a conſe. 
quence in hygroſcopic bodies, becauſe they contain 
no more water that can evaporate, without a de- 
compoſition of their component parts. The caſe 
here ſuppoſed is, that when, by ſome adequate 
cauſe, no ſenſible quantity of vapour is permitted 
to remain in the medium, as in the lime veſſel 
uſed by Mr. de Luc to obtain the point of extreme 
dryneſs. | by 

Moiſture is extreme, firſt, in the medium, whe- 
ther air or a ſpace free from air, when no more 
vapour can be introduced therein, without a part 
being decompoſed ; and then, as a conſequence in 
hygroſcopic bodies, becauſe no more water can be 
admitted in their pores. _ 

Here it is to be obſerved, that from the nature 
of the laſt of theſe maxima the quantity of water 
which produces it (i. e. extreme moiſture) ina given 
body is fixed, becauſe it is determined by the 
actual capacity of it's pores ; but the quantity of 
water which produces extreme moiſture in a me- 
dium of a given extent is as variable as the tem- 
perature. 

The equilibrium therefore between the medi- 
um and hygroſcopic bodies in different ſtages of 
moiſture, which equilibrium is the object of hy- 
grometry as a ſcience, does not depend on certain 
quantities of water contained in the medium of 
which bodies may receive their ſhare; it depends 
on different aptitudes of the vapour contained in 
the medium to communicate water to thoſe bodies ; 
which aptitudes yaty not only with the different 
P denſities 
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denſities of that fluid, but alſo in vapour of the 
ſame denſity according to the temperature.“ 

From the Hygrometer we have learnt, that in 
the phenomenon of dew the graſs often begins to 
be wet, when the air a little above it is ſtill in a 
middle ſtate of moiſture; and tha: extreme moiſture 
is only certain in that air, when every ſolid ex- 
poſed thereto is Cel. it has taught us, that the 
maximum of evaporation in a cloſe ſpace, is far 
from being identical with the maximum of moiſ= 
jure; this depending conſiderably, though with 
the conſtant exiſtence of the other, on the /empe- 
rature common to the /pace and the water that 
evaporates. It has ſhewn, that the caſe of ex/reme 
moiſture exiſting in the open tranſparent air, in the 
day, even when it rains, is extremely rare: Mr. 
de Luc has only found it once in this ſtate, the 
temperature being 39% Meſſrs. de Sauſſure and 
de Luc have proved by the hygrometer, that the 
air is dryer and dryer as we aſcend in the atmo- 


ſphere, ſo that in the upper attainable regions, it 
1s conſtantly very dry, except in the clouds. Mr. 


de Sauſſure has ſhewn, that if the whole atmoſphere 
paſſed from extreme dryneſs to extreme moiſture, 
the quantity of water thus evaporated would not 
raiſe the barometer halt an inch. Laſtly, in chemi- 
cal operations on the air, the greateſt quantity of 


evaporated water that may be ſuppoſed in them, 


at the common 7emperaiure of the atmoſphere, 


even if they were at extreme moiſture, is not ſo much 


as the one hundredth part of their maſs. The two 
laſt very important propoſitions have been de- 


monſtrated by M. de aa 
LECTURE. 


„ See Mr. de Luc' s paper on 13 from which the 

remarks on Hygrometers, &c. is an extract, Phil. Trans, for 

F794, part 9. 

. + See Mr, de Luc's facond paper on Hygrometry,, Phil, 
rans. 
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LECTURE LI 
Or Rain. 


, 1 a ſcience ſo very difficult as that of the wea- 
ther, it is not to be ſuppoſed that any thing 


like a certain and eſtabliſhed theory can be laid 


down: our utmoſt knowledge in this reſpect goes 
no further as yet than the eſtabliſhment of a few 
facts; and in reaſoning upon theſe, we are involved” 
every moment in queſtions which ſeem ſcarcely 
within-the compaſs of human wiſdom to reſolve. 
To treat it in a ſatisfactoxy manner, we ought 
to have an intimate acquaintance with the conſtitu- 
tion of the atmoſphere, and the nature of thoſe 
powerful agents, fire, light, and electricity, by 
which it ſeems to be principally influenced ; with 


their peculiar influences upon one another, and 


upon the atmoſphere, and this in every poſſible 
variety of circumſtances. Many of the qualities of 
air, earth, water, and fire, have been indeed diſ- 
covered and eſtimated; but when theſe come to 
be united by nature, they often produce a reſult 
which no artificial combinations can imitate. 
Every cloud that moves, and every ſhower that 
falls, ſerves to mortify the philoſopher, and to 
ſhew him hidden qualities in air and water that he 
is unable to explain. | 
The greater part of the received notions on. 
meteorology are vague and incorrect, not only 
thoſe which relate to the nature of the cauſes, but 
thoſe alſo which concern the laws of their effects. 
The fame may be ſaid of our notions of the elafticity 
of the air, of heat when applied to this fluid, of 
both igneous and aqueous mietcors, of ſudden and 
partial 
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artial winds; they are all ſo many enigmas to the 
philoſopher. 0 
Indeed, till we were in poſſeſſion of a good 
bygrometer, it was impoſſible to form any certain 
concluſions concerning the moiſture of the air: 
this difficulty is removed; Mr. de Luc has by nu- 
merous experiments and obſervations furniſhed us 
with a comparative hygrometer, by which together 
with a thermometer the air can neither loſe nor 
acquire morſture without our being advertiſed 
thereof. . | | 
By the uſe of this hygrometer we have ob- 
tained clear and certain ideas of the cauſes, by 
which water, ſimply evaporated in air, may be pre- 
cipitated therefrom. Theſe cauſes are the ſame 
with thoſe, which, in air where the quantity of 
evaporated water remains the ſame, always produce 


an increaſe of moiſture, the neceſſary forerunner of 


the precipitation of water; and theſe are two; the 
compreſſion of the air, or it's being cooled: no Nie 


cauſes are indicated by experiment. Some philo- 


ſophers have thought that the air, when rarifted, 
quitted a portion of the water which, according to 
them, it held in ſolution ; but I have ſhewn you, 
that this idea is erroneous, and that rarifaction 
occaſioned dryneſs inſtead of moiſture. 51057 

Ihe great queſtion therefore in the inquiry 
concerning the immediate cauſe of clouds, &c. is, 


What becomes of the water that riſes as vapour 


into the atmoſphere? What is the ſtate in which 


it ſubſiſts there between the time of it's evapora- 


tion and the time of it's falling down again in 
rain? | 


If it continues in a ſtate of walery vapour, or 


ſuch as is the immediate product of evaporation, 
it muſt poſſeſs the diſtinctive characters eſſential to 
that fluid. It muſt make the hygrometer move 
rowards humidity in proportion as the vapour is 

Vol. IV. WE more 
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more or leſs abundant in the air. On a diminu- 
tion of heat, the moiſture, as ſhewn by the hygro- 
meter, would increaſe; but on an increaſe of heat, 
the humidity would. decreaſe. Again, on this ſup- 
poſition, if hygroſcopic ſubſtances dryer than the 
air be introduced therein, they muſt have the ſame 
effect as an augmentation. of heat: for ſuch are 
always the properties of aqueous vapour on every 
hypothefis of evaporat ion. If therefore water 
exiſts in the atmoſphere, without theſe properties, 
it is no longer vapour, it muſi have changed it's 
nature. Mr. de Luc has ſhewn, that the water 


which forms rain, does not poſſeſs theſe proper- 


fate. it muſt therefore. have Paſſed into another 
ale. 

| Repeated e have. ſhewn, that the 
upper regions of the atmoſphere, notwithſtanding 
the: continual aſcent. of 'vapours there, are dryer 
than the inferior regions; on the ſummits of 
high mountains a degree of dryneſs prevails, un- 
known on the plains. 

If rain be the immediate product of . 
bm it ought always to be preceded and accom- 
panied by a diminution of heat, in that ſtratum of 


air where it originated; and this diminution, to 


produce it's effect, ſhould be greater in proportion | 
as the moiſture was further removed from it's ex- 
treme term in this ſtratum; but in a great ſtorm on 
the mountain of Sixt, Mr. de Luc found that the 
heat had increaſed inſtead of diminiſhed ; this 
cauſe could not operate here, and it was therefore 
impoſſible that the quantity of water which was 
then precipi/ated from the air could have been con- 


tained there in the form of the immediate product 


of evaporation. 
On every hypotheſis of the formation of rain 


from va pour, it is hea! that produces the evapora- 


tion, and a diminution of heat that occaſions the 
return 
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return of vapour into water, and therefore rain 
ſhould happen only in the night, or at the coldeſt 
time of the day ; whereas experieace ſhews, that it 


has no connection with heat or cold. We have 


rain as often in the day time, when, according to 
the natural courſe of things, the hear of the at- 
moſphere ſhould be the greateſt, as at night when 
the heat ought to diminiſh ; befides, the heat often 
diminiſhes. in the day without producing rain. 
Whatever be the degree of heat, the air can only 
part with ſo much of it's water, as it is unable to 
retain in that degree of heat; zo rain ſhould there- 
fore be formed, unleſs the air was ſaturated, or 
pans moiſlure ; but this alſo is contrary to 

act, | | 


on the Sixt, though the hygrometer was 664 de- 
grees from extreme humidity, thick clouds formed 
around them, which obliged them to think of re- 
treat ing; in a little time the ſummit of the moun- 
tain was ſurrounded by them, they ſpread and 
covered the whole horizon, a premature night 
ſurprized them in a very dangerous road, and a 
moſt violent ſtorm of wind, rain, hail, and thunder, 
laſted the greater part of the night; it extended 
over all the neighbouring mountains and plains; 
after the ſtorm ceaſed, the rain continued with very 
few intermiſſions till the next day at noon. The hy- 
grometer being examined in one of theſe intervals, 
only ſhewed 125 more moiſture than before; and even 
this increaſe was no other than what the difference 
of heat' was ſufficient for producing ; nevertheleſs 
new clouds were formed, and the rain began again, 
accompanying our travellers by fits to the bottom 
of the mountain; when arrived there, the clouds 
entirely diſperſed, the hygrometer was again ob- 
ſerved in the open air, and though the earth was 
drenched with water, and the heat much leſs, the 

| L hygrometer 


Thus when Mr. de Luc and his brother were 
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hygrometer was 17s dryer than it had been two days 
before, after a courſe of fine weather. Now where 
was all this water, and all the ingredients of the 
ſtorm, while the hygrometer ſhewed ſuch a degree 
of dryneſs in the ſtratum where it was formed? 

The reaſoning of Mr. de Luc is confirmed 
by the phenomena of Hair wearher; continued eva- 
poration from the inexhauſtible ſource of vapour 
the ocean, and from the earth after it has been 
ſoaked with rain, would, if vapour did not change 
it's nature in the atmoſphere, render it more and 
more humid, and bring it at laſt to a maximum of 
humidity, as it does under a glaſs receiver. But 
experience ſhews, that though the evaporation con- 
tinues for ſeveral months together on vaſt extents 
both of ſeas and continents, the air does not be- 
come moiſter, but on the contrary more and more 
dry. The diminution of heat in the night pro- 
duces dew ; but this ſymptom of humidity dimi- 
niſhes from day to day, and ſometimes ceaſes 
altogether. 

Many attribute the ordinary occurrences of 
rain to changes in the winds, When it rains with 
a ſouth wind, it is ſuppoſed that theſe winds are 
warm becauſe they come from the ſouth, and that 
they are more humid becauſe the greater heats in 
thoſe climates from which they proceed, ought to 
produce a. greater degree of evaporation, and that 
conſequently. when this air meets with a colder 
part of the atmoſphere, the water it contained 
would be precipitated. If it rains by a north wind, 
it is imagined that this wind being colder than our 
air, produces the ſame effect that this did upon the 
ſouth wind. There are however vartous reaſons 
which prove, that theſe winds are not the imme- 
diate cauſe of the phenomena. 

To place this hypotheſis in the moft favour- 
able light, we will ſuppoſe that one ſtratum of air 

| is 
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is at reſt and the other in motion, and that both 
are /aturated with the immediate product of eva- 
poration. But the quantity of evaporated water, 
which conſtitutes ſaturation or a maximum of hu- 
midity in the air, varies with the temperature, 
augmenting or diminiſhing with the heat. The 
colder air will therefore contain proportionally 
leſs evaporated water than the other. When theſe 
two airs meet, the one will be cooled, which ſhould 
produce a precipitation of water; but the other 
will at the ſame time be as much heated, and there 
fore capable of receiving the ſuperfluous water: at 
firſt a nit may be formed, but this will not be 
durable; for as it is in contact with the air that is 
growing warmer, it is ſoon diſſipated. 

It ſometimes rains with a ſouth wind, which 
ſeems to embrace the whole height of the atmo- 
ſphere; here it has been gratuitouily ſuppoſed, that 
this air procceded from the torrid zone, ſaturated 
with water throughout it's whole height. Granting 
this ſuppoſition, it will not account for the pheno- 
mena of rain. I ſhall not conſider here the differ- 
ence in the ſeaſons, which ought neceſſarily to 
influence theſe phenomena, which however is not 
perceived; for we have often durable rains with 
this wind in ſummer, when the change of climate 
will occaſion little or no variation in it's tempe- 
rature. Whatever change the heat of this air 
undergoes, it will gradually take place on account of 
the viciſſitudes of day and night; fo. as ſoon as the 
rays of the ſun ceaſe to act upon our horizon, the 
heat in the air decreaſes in as great a degree as 
that in which it exiſted at the ſame hour of tne 
day. If the air is thus cooled beyond a certain 
point, the excels is precipitated in dew : beſides, 
moiſture in the atmoſphere is daily deſtroyed by 
ſome cauſe of which we are ignorant, and re-appears 
as ſuddenly in vaſt abundance in ſome ſtrata by 
L13 cauſes 
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cauſes of which we are equally ignorant. If you 
conſider attentively the conſequences of all theſe 
facts, you will ſee that there is very little proba. 


bility that air, which travels night and day to 


come to us, and which muſt neceſſarily conform, 


and that ſucceſſively, in all the intermediate lati- 


tudes, to the various cauſes that determine their 
mean degrees of humidity and heat, can ever occa- 
ſion the phenomena attributed thereto, | 

The remarks I have juſt made on the effect ſup- 
poſed to be deducible from different winds, are 
formed from the notions we gain by obſervations 


made in plains. They are confirmed and ſtrength- 


ened when connected. with obſervations made on 
mountains, for there theſe winds are found with- 
out thoſe deceiving appearances which favour the 
hypotheſis we are combating ; they are found ta 
convey cold there, while they are communicating 
beat to the plains below. Now if the /outh wind 
derives it's heat from the climate whence it pro- 
ceeded, why is it not warm on the tops of moun- 
tains as well as in the plains ? If it be ſaid, that it 
is cold alſo on the tops of high mountains in the 
torrid zone, we reply, that if ſo, this in itſelf is a 
rest myſtery ; and further, that no one can ſup- 
poſe that the ſuperior air of this zone preſerves it's 
poſition and degree during it's whole paſſage, and 
arrives in the ſame ſtate at the tops of the northern 
mountains; and we may conclude, that, though the 
air which proceeds fromclimates warmer thanour's, 
be then hotter than the air ſurrounding us, yet, 
the greateſt heat we find therein does not in 
general proceed from this cauſe, but. from ſome 
difference in it's nature, whereby the fo/ar rays are 
rendered. more powerful and more capable of pro- 
ducing keat near the ſurface of the earth. 
From obſervations that have been made on 


mountains, we may draw the ſame concluſions with 


reſpect 
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reſpect to the humidity that generally ac companies 
fouth winds near the earth. For from theſe we 
find, that they do not produce the ſame effects in 
the higher region of the atmoſphere, but accord 
with the uſual dryneſs of theſe ſuperior ſtrata; 
they are not therefore in themſelves the immediate 
cauſes of theſe differences; for if this were the 
caſe, the higher regions would be as much affect- 
ed as the lower, or they could not be conſidered as 
an aſſemblage of the ſame fluids. But in this / 
ſemblage there may be unknown #uzds, on which 
the /olar rays may in the lower regions have a dif- 
ferent influence, ariſing from circumſtances of 
which we are ignorant, perhaps from a greater 
or leſs denſity in the maſs, or from a difference in 
their diſtance from the ſoil of the earth. Every 
circumſtance ſeems to indicate, that chemical ope- 
rations are the genera! cauſe of the phenomena, 
though in a manner unknown ; among the agents 
concerned, the /o/ar rays hold the firſt rank. 

The neceſſity of the ſolar rays for the fructi fi- 
cation of vegetables, has been long eſtabliſhed; 
Meſſrs. Prieſtley, Ingenhouz, and Sennebier, have 
proved, that this operation is accompanied by great 
modifications in the arr, modifications which are 
eſſentially altered by the preſence or abſence of the 
ſolar rays. By theſe operations we ſee new /o/ids 
riſing before us; and yet, if we are ſcrupulous in 
the connection of cauſes with effects, we muſt con- 
feſs our inability of tracing here the combinations 
of this firſt abfance, which evidently puts in ac- 
tion every ſubſtance on our globe. We know in this 
inſtance, that ſome of the ſubſtances belong to the 
atmoſphere, ſome to the earth, and that both are 
modified by the ſolar rays: fre alſo participates, 


but //ght is a conſtituent part of fire: water has 


it's ſhare, but water contains fire and light: fome 
* of air are joined thereto, but of theſe 
114 ingredients, 


0 
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ingredients, thoſe that are united depend on the 
quantity of light. Thus, however, new compounds 
are formed, poſſeſſed of different colours, conſiſt- 
ency, odour, flavour, and chemical properties. 
All theſe wonderful operations are produeed by the 
medium of the ſolar rays from the atmoſphere and 
from the earth; and theſe modifications taking 
place on the earth and on the waters, over the 
whole ſurface of the globe, muſt be conſidered as 
a claſs of cauſes which have conſiderable influence 


2 


in meteorology. 
Or TI NATURE or CLoupDs. 


From conſidering the cauſes of rain, I proceed 
to inveſtigate the nature of clouds. As it is from 
theſe that rain proceeds, we muſt acknowledge the 
bleſſings we receive through them, though we are 
not able to account for their various phenomena. 
They are continually travelling over our globe, and 
by a proper diſtribution of moiſture, rendering the 
ſpacious paſtures of the wealthy fruitful, and glad- 
dening the little ſpot of the cottager. They ſati cy 
the deſolate and waſie ground, and cauſe the bud of 
the tender herb to ſpring forth ; that the natives of 
the lonely defert, the herds which know no maſ- 
ter's ſtalls, may nevertheleſs experience the care of 
an ALL-SUPPORTING PARENT. 

Clouds are compoſed of a maſs of ve//cles like 
ſoap bubbles, which veficles are eaſily perceived 
in proper ſituations, particularly on high moun- 
tains : theſe veſicles float in the air, riſing or fall- 
ing, till they are in equilibrium with the air, re- 
maining ſuſpended there as long as they preſerve 
the ſame ſtate. By the nature of the ſuſpenſion of 
theſe aqueous veſicles, they do not alter the preſ- 
ſure exerciſed by the ſtrata in which they are in- 
cloſed, neither on itſelf nor on the inferior K * 

Et cn 
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When the particles of vapour, properly ſo 
called, approach withina certain diſtance of each 
other, which is determined by the actual quantity 
of free fire, the particles of water, of which they 
are compoſed, tend to unite, and the fire .which 
quits them joins itſelf to the remaining particles 
of vapour. From the obſervation of Mr. de Luc 
it appears, that veſicles of liquid water may be 
formed, and exiſt when the temperature of the air 
is at freezing. I have already ſhewn you, that there 
is ſomething elſe beſides cold; neceſſary to the for- 
mation of ice. It is hence we ſee miſts, fogs, and 
clouds, when the thermometer is under 329. 
There is never, however, any great cold in fogs 
or in clouds, for the cauſe, whatever it may be, 
that brings vapour beyond it's maximum, diſſemi- 
nates alſo heat. Aqueous veſicles. never freeze 
without changing their ſtate ; but if the bubbles 
are broken when the air is at or under 32 degrees, 
the water thereof freezes : if this happens in the 
midſt of clouds, ſnow is the conſequence, whoſe 
duration, like that of rain, depends on the quantity 
of veſicles that are brought within a certain diſ- 
tance of each other; the deſtroyed veſicles then 
group themſelves into flakes of ſnow, by a cryſtal- 
{ization, ſomewhat ſimilar to what are termed by 
chemiſts ſublimationt, i. e. the precipritations of 
ſubſtances diſſolved by fire. If the quantity of 
aqueous veſicles is too ſmall to unite and be de- 
ſtroyed, by being brought near together, they may 
| be. deſtroyed and frozen by cauſes ſimilar to thoſe 
which fix ſublimates to the ſides of the furnace 
and other receivers, or which determine congela- 
tion in water ſufficiently cooled. In this caſe a 
hoar froſt is formed. . 

Clouds are always compoſed of bubbles, form- 
ed of liquid water, and they are generally at a tem- 


perature very little above the · freezing point; the 
| exiſtence 
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exiſtence of theſe veſicles or bubbles is bur of ſhort 
duration, they riſe and are deſtroyed ſucceſſively, 
like the brilliant ſparks we often perceive riſing 


: from a chafing diſh, when the coals are animated 
by a bellows. 


Or THE DurarTlown or CLlovuDs. 


Whenever we fee a miſt or a fog, formed by 
= known caule, we are always certain that the va- 
pours, from which it proceeds, are paſſing rapidly 
beyond their maximum; and the miſt ceaſes when 
no freſh vapour arrives for it's ſupport. The prin- 
cipal known cauſes, of miſts and fogs are either 
the ebullition of water in open air at all tempera- 
tures, the tranſpiration and reſpiration of ani- 
mals in winter, the evaporation from hot ſprings 
in the ſame ſeaſons, and the fogs, properly ſo called, 
that happen in autumn. In all theſe caſes, we 
know that the vapour is produced in too great 
abundance for the temperature of the neighbour- 
ing air; hence a rapid deſtruction of a part of 
thoſe which arrive in that ſpace which is occupied 


by the fog. Meanwhile, the fog only occupies a 


certain ſpace, which 1s nearly fixed as long as the 
circumſtances remain the ſame; in a word, we 
always find fogs and miſts to ceaſe, as ſoon as the 
cauſe producing the vapours ceaſes to furniſn them 
beyond the maximum {ſuitable to the temperature 
of the air; the veſicles are formed by a rapid de- 
compoſition of ſuperfluous vapours; as ſoon as this 
ceaſes, the veſiclcs are diſſipated. e 

From a review of known fads, you will find 
that the foliowing concluſions are well founded. 
1ſt. That veſicles are only formed in thoſe caſes 
where vapours get beyond their maximum. 2d. 
That theſe veſicles are concrele walter, ſubject to 
evaporation, like any other water, and which 
49 always 


Or MerTroRoLoGy. * 523 


always evaporate when the ſurrounding air is not at 
the extreme point of humidity, 3d. It is this laſt 
mentioned circumſtance, which determines the ex- 
tent of ſpace occupied by a cloud or fog; for 
theſe veſicles only exiſt in that part, where the 
ſource of vapours, whatever it* may be, having 
produced ex/reme humidity, diſſeminates ſuperflu- 
ous vapour; ſo that beyond this ſpace, the veſicles 
evaporate. 4th, and laſtly, This evaporation is pre- 
vented in whole or in part, either by obſtacles that 
oppoſe the expanſion of the miſt or fog, or be- 
cauſe the ſource of vapours furniſhes them ſo rapidly 
that the veſicles approach near enough to unite 
even in the midſt of the fog, which occaſions them 


to unite, and the reſult is a diſtillation of water, 


From hence we may conclude, that when a cloud 
is formed in air, whatever be the cauſe, it can 
only ſubſiſt there while aqueous vapours continue 
to be produced in the ſame place. Thus, the ex- 
tent occupied by a cloud, is an indication of the 
cauſe which produces vapours, or of it's intenſity 
in ſome part of this ſpace : extreme humidity ex- 
iſts but very little beyond- the extent of the cloud, 
and, as ſoon as the cauſe which furniſhes the va- 
pour ceaſes, the cloud diſſipates. 

We have been accuſtomed to ſee clouds from 
our earlieſt infancy ; they, therefore, neither ex- 
cite attention, nor awaken admiration, and yet, of 
all the objects which ſurround us, there 1s none 
more truly wonderful, or more worthy of attention. 
Thoſe alſo, who have bur little ſtudied the laws of 
hygrology, are very little altoniſhed at theſe ap- 
5 becauſe they either ſuffer themſelves to 

e amuſed by words, or reſt ſatisfied with a few 
ſeducing glimpſes : thoſe who have conſidered the 
laws of hygrology, and weighed all the circum- 
ſtances, find they are only carried to the boundaries 
of known cauſes ; but hey alſo know how to MY 

an 
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and wait there, till freſh. light enables them to 


proceed further. 

The traveller, who has frequented high moun. 
tains, knows, that clouds are a ſpecies of fog or 
mift, much reſembling thoſe we perceive on plains; 
he has alſo remarked, that where clouds are 
ſcattered in the air, the firata where they are met 
with, are not at extreme humidity. Among other 


inſtances, Mr. de Luc mentions one, where he 


ſaw his own ſhadow, and that of the rock on which 
he was ſituated, projected on a cloud beneath him, 
in a ſtratum where there were many other ſimilar 
clouds extending to a conſiderable diſtance. The 
air was very ſerene, and there was not the leaſt 


ſymptom of extreme humidity, How are ſuch clouds 


preſerved? Whence do they increaſe to the eye? 
Why, as they are continually evaporating, are ry 
not immediately diſſipated ? | 
The evaporation of clouds, even while they 
are increaſing in ſize, is a circumſtance of which 
you may eaſily be ſatisfied, by conſidering atten- 
tively the broken edge of a cloud, which has an 
azure ground behind it. Theſe edges preſent to 
the imagination a thouſand groteſque forms, which, 
by their ſtriking changes, will aſſiſt you in your 
reſearches. Olten you may perceive the part 
which you are looking at, diſſipated in the place 
where it was firſt obſerved : often it ſtretches itſelf 
out, the cloud remaining flationary, and vaniſhes 
while it is thus extending itſelf, Sometimes while 
one feſtoon vaniſhes, others are formed, by which 
the cloud is enlarged ; at other times it diminiſh- 
es, the. feſtoons ſucceſſively evaporating, till the 
whole diſappears. It is impoſſible to conſider 
theſe various metamorphoſes of the ſame cloud, 
without ſuppoſing that there is in the air a ſource 
of vapours, which are produced in the place v here 
the cloud is formed, and that it is by the con- 
tinued 


0 Merrogdroor. 1 2s 
tinued production of fre vapour that the cloud 


ſubſiſts and increaſes, though, continually eva- 
porating. When they wholly diſappear, it is be- 
cauſe the evaporation is not repaired by the forma- 
tion of freſh vapour. Theſe phenomena are inde- 
pendent of heat and cold, for clouds are ſometimes 
formed ſuddenly in the midſt of a bot day, and after 
they have poured down their water, all 1s clear 
again. Sometimes they evaporate after ſun-ſet, 
gradually vaniſhing in the calmeſt weather, without 
change of place. The appearances, on the whole, 
are ſuch as would be produced by a large maſs. of 
water in violent ebullition, ſuſpended inviſibly in 
the atmoſphere; and the fimilarity in the effect 
naturally points out an analogy in the cauſe, that 1 is, 
g ſource of vapour in the atmoſphere. 

, When. tt rains, the ſource which Fan 7 Wc Va- 
pours produces them in ſuch abundance, that the 
veſicles which are formed are driven againſt each 
other even in the boſom of the cloud; and not 
having time either to diſperſe or evaporate, they 
are united; and the water falling to the loweſt 
part, as in ſoap-bubbles, they are ſoon burſt, and 
fall as rain. It is to theſe ſurcharged veſicles we 
mult attribute the pendent fringes which are ſome- 
times ſeen under the clouds towards the horizon, 
Experience has ſhewn, that it rains under thoſe 
clouds; not that theſe fringes are rain itſelf, but 
the veſicles which fall by the augmentation of 
their weight. As drops of rain are formed, the 
veſicles are deſtroyed. 


Laſting rains proceed from ſtrata of clouds which 


cover the whole heavens; and it is theſe that have 
the greateſt connection with the fall of the mercury 
in the barometer. The ſource of vapours com- 
prehending a ſtratum of conſiderable extent, the 
barometer, after it has announced theſe rains, gene- 
rally riſes, and continues to riſe, as long as they 


laſt. 
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laſt. This is à fact often obſer ved, but to us inex. 
plicable. It is no doubt connected in ſome way 
with the primitive cauſe of rain, but with that 
cauſe we are unacquainted. The relation of rain 
with the barometer, is a ſubje& as obſcure as the 
cauſe of rain itſelf. _ | 
In the midſt ſometimes of the fineſt days, and 
while ordinary ſymptoms indicate that the air is 
, and this as well in the vallies as on the moun- 
tains, bright heavy clouds appear on an azure 
ground, announcing ſudden rains. Sometimes theſe 
clouds increaſe enormouſly, and deſcend ; other 
clouds form about, and unite to them ; the air is 
darkened, as if a curtain was drawn between heaven 
and earth. From the tops of high mountains, 
theſe clouds may be often ſeen to accumulate ra- 
pidly over the plains; while from theſe the azure 
ground of the heavens diſappears, the wind often 
riſes, and blows from different quarters in a kind 
of whirlwind, and laſtly it pours with rain. As 


ſoon as the rain ceaſes, the curtain is withdrawn, 


the calm is reſtored, the ſun re-appears, and no 

other veſtiges remain of this grand phenomenon 

but the water that is on the ground. Ot 
When the air is diſpoſed to produce this 


1 you will often ſee the clouds riſing 


rom the horizon; ſometimes from the ſide where 
the wind proceeds, ſometimes from other quarters. 


Often theſe heavy ſhowers arc partial: ſometimes 


they re- commence at intervals, accompanied with 
heavy ſqualls. Sometimes theſe heavy intermitting 


ſhowers are à prelude of more laſting rains; in 


which caſe the clouds unite, the wind goes down, 
and you have one off more ſucceſſive days af 


rain. 


Or 
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Sudden ſtorms, accompanied with hail and 
thunder, are among the number of phenomena 
which ſhew how ignorant we are of the cauſes of 
thoſe that we obſerve in the atmoſphere. Hail is 
a ſign of a great degree of cold; but what is the 
immediate cauſe thereof? Whence a ſubſtance, 
that muſt require ſo intenſe a cold for it's forma- 
tion, in ſeaſons ſo warm as thoſe in which hail is 
chiefly formed? It is ſuppoſed, in general, that 
bailſtones are drops of rain, which, falling through 
a colder region of air, are congealed in their paſ- 
ſage into a rarified fort of ice, Dr. Halley gives 
an account of hailftones that weighed five ounces 
each, and ſays, it is very extraordinary that ſuch fort 
of vapours ſhould continue undiſperſed. ſo long 
a tract as ſixty miles together; and in all the way 
of it's paſſage, occaſion ſo extraordinary a COa= 

ulation and congelation in the watery clouds, as to 
increaſe the hailſtones to ſo vaſt a bulk in ſo ſhort 
a ſpace as that of their iall. 


OF Tr NDER, 


All the phenomena of ſtormy clouds are ob- 
ſcure, and I am afraid there is very little proba- 
bility of explaining them independent of each 
other. Thoſe that are ſatisfied with conjectures, 
may find enough at their ſervice; but he who con- 
ducts himſelf by the © ſcale and chart of truth,” 
will find little to depend upon. It is thus with 
thunder and lightning: we can neither account for 
the immenſe quantities of electricity diſcharged by 
the one, nor the rumbling noiſe of the other. 

Mr. Volta fuppoſed: that water, by being 


changed into vapour, acquired a greater capacity 
for 
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for the electric fluid, and that thus electricity was 
continually conveyed to the atmoſphere by eva- 

oration ; and this he deduced from an experiment, 
in which water being evaporated from a body, left 
that body negatively electrified. This, however, is 
by no means ſatisfactory ; for, not to inſiſt on the fal- 
lacy of the terms poſitive and negative, as both elec- 
tricities may be produced by evaporation, if the elec- 
tric fluid paſſed from the earth to the atmoſphere 
by evaporation, and it's return was occaſioned by the 
reduction of vapour into water, there would always 
be more or leſs lightning when there was violent 
and ſudden rain, for in this caſe it would be ra- 
pidly diſengaged ; but there 1s much oftener vio- 


lent and ſudden rain without than with lightning. 


In this caſe lightning alſo ſhould always be pre- 
ceded by rain, whereas there is often lightning 
among the clouds without any rain. Further, if 
we are unable to explain rain by the vapours which 
exiſted in the air before the formation. of the 
clouds, the ſource of electricity exiſting in clouds 
ought not to be ſought for in vapour. Indeed, on 
this ſuppoſition, as ſoon as there was a violent rain 
the lightning v ould ceaſe, and the fluid would 
paſs off by the drops, illuminating the air by it's 
paſſage from drop i drop. 

There ſeems tc be no other mode of conſi- 
dering lightning, than as an exp/2/on, that is, as a 
ſudden production of a great quantity of the elec- 
tric fluid; the fluid which is then manifeſted not 
exiſting as ſuch but juſt before we perceive it's 
effects ; juſt as the vapour, of which the clouds are 
formed, do not exiſt as vapour in the air until the 
moment of their appearance: the air, as yet tranſ- 
parem, contained neither the vapour of which the 
cloud is formed, nor the electric fluids, but the in- 
gredients proper to give birth to both of them. 
By ſome cauſe, of which we are ignorant, clouds of 

RT a certain 
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a certain kind are formed. During the pro- 
greſs of their formation, and by fits, the electric 


fluid is produced in great abundance, and ex- 


plodes every time it is thus produced. Obſerva- 
tions made among mountains where clouds are 
formed, point out this to be the reſult of the phe- 
nomena. : 

In a ſtorm obſerved by Mr. de Luc on the 
Buet, he had an opportunity of obſerving this phe- 
nomenon with all it's modifications. The air of 
the ſtrata where he was ſituated was perfectly ſranſ- 
parent and dry ; the thermometer at 6 of Reaumur. 
Notwithſtanding this, clouds formed here and 


there: by degrees they augmented, then became 
united, embracing the ſummit of the Buet, and 


ſupporting themſelves againſt Mont Blanc, and the 
ſummits of the neighbouring mountains. Mr. de 
Luc and his companions were inundated with rain: 
chough the clouds and the rain formed a complete 
conductor, communicating with the ground, yet 
there was a continuance of thunder for a conſi- 
derable time, and often very violent. Other in- 
ſtances may be found in the works of Mr. de 
Sauſſure, of thunder-ſtorms where the clouds 
tormed a conducting communication with the 


ground, and yet where the thunder ſucceeded with- 


out interruption, 
he rumbling noiſe of thunder has been ex- 
plained by a ſuppoſed analogy between the paſſage 
of lightning and the electric ſpark through the air. 
This explanation might have been admitted as 
plauſible, if the rumbling noiſe of thunder had 
grown weaker and weaker, as being a ſucceſſion of 
ſounds proceeding ſucceſſively from points more 
and more diſtant; whereas the ſound of thunder 
often increaſes, and gives us a diſtinct perception 
of it's proceeding from points which are nearer 
to us than thoſe from which it ſet out. It is ſome- 
Vor. IV. Mm times 
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times intermingled with ſuch terrible claps, as 


. deprive the hypotheſis of all probability; or other 


inconſiſtences therein might be pointed out. The 

rumbling and repeated echoes, &c. of thunder, ſtill 

oper among the phenomena not yet accounted 
r. 

In general, a courſe of hot weather precedes a 
thunder- ſtorm; and it ſeldom happens that very 
hot weather, in the ſummer, terminates without a 
ſtorm of thunder. Hence, alſo, in the Eaſt and 
Weſt Indies, where the climate is ſo much hotter, 
thunder and lightning are not only much more 
frequent, but much more violent, than in this 


country. 


Or WI nos. 


Of winds, the obſervation of our SAvIouR 1s 
ftill juſt: we hear the ſound of the wind as it paſſes 
by, but we neither know whence it comes, nor 
whither it goes; we cannot determine how it 
originates, or why it ceaſes, The great Bacon, 
indeed, was of opinion, that by a clofe and regular 
hiſtory of the winds, continued for a number of 
ages together, and the particulars of each eb- 
fervation reduced to general maxims, we might at 
laſt come to underſtand the variations of this ca- 
pricious clement, and be able to foretel the cer- 
rainty of a wind, with as much eaſe as we now 
foretel the return of an eclipſe. Indeed his own 
beginnings in this arduous taſk ſeem to ſpeak the 
poſſibility of ir's ſucceſs; but unfortunately this 
inveſtigation is the work of ages, and we want a 
Bacon to direct the proceſs. | 

In the Hiſtoria Ventorum, Bacon reckons three 
ſources of winds; one by deſcent from the ſupe- 
rior regions of the atmoſphere, another from the 
expanſion of the lower air, and a third by exſpi- 

ration 
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ration from the earth: of which laſt he propoſes 


it as an object of inquiry, What winds blow out of 
ſubterraneous caverns? Whether they come forth 
in a large body, or blow inſenſibly here and there 
and then unite in one ſtream, like a river formed 


out of many different ſprings? This latter cauſe 


has been bur little attended to, though this reci- 
procation between the earth and air 1s. ſurely. a 
very intereſting part of natural philoſophy. In the 


language of holy writ, God is ſaid 4 bring ibe winds 


out of his treaſures ; as if ſome hidden ſtorehouſe 
were alluded. to, ſuch as that of the waters and 
cavities between the earth. | 

The annual revolution of the / is doubtleſs a 
general cauſe of winds ; but this cauſe, conſidered 
alone, ſhould produce regular winds, whoſe pro- 
greſs would correſpond to, and be connected with 
the ſeaſons; but the phenomena obſerved by no 
means enable us to perceive this connection. 
There is another cauſe, of which we may form an 
imperfect idea, by which the winds proceeding 
from the ſouth, may be ſouth-weſt to us, and thoſe 
which come from the north, north-eaſt. This 
cauſe is the difference in the velocity of the motion 
of the parts of the earth we inhabit, and that at 
the equator, or the polar circles. If the air was 
calm at the equator, that 1s, moved with the ſame 


velocity as the earth, and that in coming from 
thence to us in the ſame direction, preſerving at the 


ſame time a portion of it's acquired motion, it 


would gain upon the earth in this direction, and 


would thus become ſouth-weſt. The ſame cauſe 
inverted would change the north for us into a 
north-eaſt wind. Another cauſe, though very in- 


conſiderable, may be found in the different diurnal 


politions of the ſun: this, in calm weather, often 
occaſions a gentle caſt wind after ſun-riſing, and. a 
weſt wind after his ſetting. | | 
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Of theſe cauſes we have ſome knowledge; 
but there muſt be many, and more powerful ones, 
to produce thoſe phenomena to which we are con. 
tinual witneſſes, and to which theſe ſeem to have 
little or no affinity. Evaporation and rain have 
been conſidered as cauſes; but they are alſo by no 


means adequate to the purpoſe. Evaporation is 


conſtantly operating; it is alſo more abundant in 
choſe places where the heat is greateſt, Theſe 
places are continually varying; but ſtill the variations 


1nevaporation are ſo flow, and the differences in heat 


ſo inſenſible from one place to another, that it can 
never occaſion any ſudden and violent wind. Rain, 
which is the inverſe of evaporation, operates with 
more rapidity: but the ſame reaſons which prove 
that rain cannot be formed of the immediate pro- 
duct of evaporation, alſo prove that the preci- 
pitation of this product, in any ſtratum of air, can- 
not make a ſufficient vacuum to cauſe the ſur- 
rounding air to preſs in with violence. 

We muſt then have recourſe to ſome other 
cauſe, to explain the winds which accompany the 
rapid formation and deſtruction of clouds; and this 
may be fourd in the return of air to a ſtate of va- 
pours. It is known from experiment, that in 
11milar caſes there is a great increaſe of volume in 
the new fluid; as in the ſudden explotion of in- 
flammable air with vital or common air. When 
the air is changed into aqueous vapour in the at- 
moſphere, there is probably a conſiderable expan- 
tion of the ſtratum where this change happens, and 
the effect is more or leſs extenſive in proportion to 
the ſtrength of the caufe. If the product ion of the 


clouds be flow, if it embraces a very great portion 


of the atmoſphere, and if the operation be carried 


-on at a great height, but little agitation will be 


perceived in the air under theſe ſtrata: the £o- 


lumns thercot extcnding lengthwiſe, produce in. 


diſtant 
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diſtant countries winds, of which the inhabitants 
can no more percelve the cauſes, than thoſe near 
which it originated. But if the clouds are formed 
rapidly, if they occupy but a ſmall ſpace, and are 
not very high, violent winds may be occaſioned by 
the ſudden expanſion of the medium where they 
are formed. As the quantity of vapour that is the 
immediate produtt of evaporation is always very 
ſmall, the formation of drops of rain, on the com- 
mon ſyſtem, would only produce inſenſible and 
trifling motions of the air. But in Mr. de Luc's 
ſyſtem, the ſucceſſive production of vapour in the 
midſt of the air is unlimited: their accumulation 
in the form of veſicles may be immenſe; and when 
they are rcſolved into drops, a conſiderable va- 
cuum is the natural conſequence. 

| From this view of the origin of winds, we 
may ſee alſo why, ina ſeaſon of ſtorms and ſhowers, 
a cold heavy cloud, paſſing over the head, with a 
haſty fall of ſnow or hail, is often attended with a 
ſudden violent guſt of wind, ſuch as ſailors call a 
ſquall, which ſubſides into a calm with the de- 


parture of the cloud; till another cloud, coming in 


the ſame direction, brings a freſh blaſt. No tem- 
peſt, hurricane, or whirlwind, ever happens under 
a cloudleſs ſky. We hence may alſo perceive why 
a whiſtling or howling noiſe of the wind is the 
molt infallible prognoſtic of rain, indicating tne 
formation of rainy clouds. The ſacred ſcripture 
ſeems to agree with this; for the prophet Elijah, 
before any other ſymptom of the weather appeared, 
ſeemed to give notice to Ahab from this one: Get 
thee up, and eat and drink, ſaid he, for there is a 
souN D of abundance of rain. Then it follows, that 
the heaven was ſoon black with clouds and wind, and 


| tbere was a greal rain. 
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There are many parts of the world where the 
winds, that with us are ſo uncertain, pay their 
ſtated viſits. In ſome places, the winds are found 
to blow one way by day, another by night; in 
others, for one half of the year, they go in a direc. 
tion contrary to their former courſe : but what is 
more extraordinary, there are ſome places where 
the winds never change, but for ever blow the 
fame way. This is particularly found to obtain 
between the tropies, in the Atlantic ocean, and 
great Pacific ſea. 5 | 

Between the limits of 60 degrees, namely, 
from 30? of north latitude to 30 of ſouth latitude, 
there is a conſtant eaſterly wind throughout the 
year, blowing on the Atlantic and Pacific oceans ; 
and this is called the /rage-wind, 

Ihe trade-winds near the northern limits blow 
between the north and the eaſt; and near the 
ſouthern limits, they blow between the ſouth and 
the eaſt. e 
Theſe general motions of the wind are diſ- 
turbed on the continent, and near the coaſts. 

Beyond the northern limit of the general 
wind, on the Atlantic ocean, the weſterly winds 
prevail, but not with any certainty of eonti- 
Nuance, | | 

In the Atlantic ocean, the S. E. trade-wind 
extends as far as 3 degrees north; and the N, E, 
trade- wind ceaſes at the sth degree N. In 
the intermcdiate ſpace are found calms with rain, 
and irregular uncertain ſqualls attended with 
thunder and lightning: bur” this ſpace is ſhifted 
farther to the northward or ſouthward, according 
as the ſun's declination is more northerly or 


ſoutherly, [ 
n 
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In the Indian ocean there are periodical winds, 
ealled monſoons, that is, ſuch as blow ſix months 
in one direction, and the other ſix months in an 
_ oppoſite direction; the change of their direction, 
which is near the autumnal and vernal equinoxes, 
is accompanied with violent ſtorms of wind, thun- 
der and lightning. Voyagers to India endeavour 
to time their voyages, ſo as to benefit by theſe 
winds. 
On or near the coaſt of Guinea, the winds 
blow almoſt always from the weſt and ſouth weſt 
points. Between the Cape-Verd, and the eaſtern- 
moſt of the Cape-Verd Iſlands, there is a tract of 
ſea, which is a perpetual calm with reſpe& to 
wind; but the thunder and lightning there is 
terrible. 

The varieties and deviations both in general 
and particular winds, are far from being known; 
you cannot, therefore, expect any theory that will 
ſolve them all ; there are difficulties which perplex 


every hypotheſis that has hitherto been ſuggeſted, 


and that cannot be cleared up at preſent. 

The beſt account we have of the trade-winds, 
1s that of Mr. Dalton,* namely, That as the heat 
is always greateſt in the torrid zone, and decreaſes 
in proceeding northward and ſouthward, with 
reſpect to theſe, the poles may be always con- 
ſidered as centers of cold; ſo that, abſtracting 
from accidental circumſtances, there muſt be a 
conſtant aſcent of air over the torrid zone, which 
afterwards falls northward or ſouthward, whilft 
the colder air below is determined by a conſtant 
impulſe towards the equator. In general, where 
the heat is greateſt, the heated air will aſcend, and 
a ſupply of colder air will be received from the 


neighbouring parts. 5 1 
m4 1 


* Dalton's Meteorological Obſervations, 
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_ The following effects may be attributed to the 


diurnal motion of the tarth ; the air over any part 


thereof, when calm, will ve the ſame rotatory 


velocity as that part; but if a quantity of air in 


the northern hemiſphere receive an impulſe in 
the direction of the meridian, either northward or 


ſouthward, it's rotatory velocity will be greater in 


the former, and leſs in the latter caſe, than that of 
the air into which it moves; conſequently, if it 


move northward, it will have a greater velocity 
eaſtward than the air, or ſurface of the earth over 
which it moves, and will, therefore, become a 


S. W, wind, or a wind between the ſouth and the 
weſt. And, vice verſa, if it move ſouthward, it 
becomes a N, E, wind, Likewiſe, in the ſouthern 
hemiſphere, it will appear, the winds, upon ſimilar 


ſuppoſitions, will be N. W. and S. E. reſpec- 
tively. 


From this vicw of the air, Mr. Dalton at- 
tempts to explain the trade-winds; he conſiders 
two general maſſes of air, as proceeding from both 
hemiſpheres towards the equator; theſe, as they 
advance, are conſtantly deflected more and more 


towards the eaſt, on account of the earth's rotatory 
motion. That from the northern hemiſphere, 
originally a north wind, is made to veer more and 
more towards the caſt; and that from the ſou- 


thern hemiſphere is made to veer from the 
ſouth towards the eaſt : theſe two maſſes meet- 


ing in the torrid zone, their north and ſouth ve- 


locities deſtroy cach other, and they proceed with 
their common velocity from eaſt to weſt, round 
the torrid zone. The equator is not the Kaner 


of the concourſe, but the northern parallel of 4“, 


becauſe the center of heat is at that place, the ſun 
being longer on the north ſide of the equator than 
ä | > en 


* Prevoſt ſur les Limites des Vents Alizez, 
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on the ſouth ſide. Though all the parts of the 


atmoſphere ſeem to conſpire in producing regular 


winds round the torrid zone, yet, from the ſitua- 


tion of the land or other cauſes, ſtriking irregulari- 


tics are produced; as is evident by the monſoons, 


{ea and land breezes: &c. theſe are deviations from 
the general rule, but this will ever be more or r leſs 
the caſe with all human theories. 

To explain the mon/oons, it is neceſſay to at- 
tend to the circumſtances that are peculiar to the 
Indian ocean, and which are not found in the Atlan- 


die and Pacific oceans. They ſeem to be theſe: 


that the Indian ocean is bounded to the northward 
by ſhores, whoſe latitude does not exceed the limirs 
of the general trade-wind ; and that the general 
trade- u ind falls on what ſailors term lee ſhores to 
the weſtward. 

The ſun being twice a year vertical in the 
equator, and never departing thence more than 
234 degrees, cauſes the air in that climate to be 


hotter than at any other place in the ocean: ſuch 


a rarified ſpace muſt extend acroſs the Indian 
ocean, and produce a S. E. wind to the ſouthward, 
and a N. E. wind to the northward of the equator, 
over which, in the upper regions of the air, the 


winds return in the contrary direction. This we 
_ accordingly ſee happen in the months of October, 


November, December, January, February, March. 
But when the ſun declines to the northward, and 
heats the land there, the air contiguous to thoſe 


lands is rarified, and the lower air has a tendency 


to move that way : this tendency increaſcs as the 
ſun advances further north, ſo that the whole body 
of the lower air, to the northward of the equator, 
moves towards the northern lands, notwithſtand- 
ing the equatorial rari faction. It ſeems then, that 


the body of the lower air, in the northern part of 


the Indian ocean, i8 derermined, as to it's courſe, 
by 
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by the greater rari faction. If the rarifaction, at 
the ſurface of the land, be greater than that at the 
equator, the wind blows to the north ; and the 
contrary happens, when the equatorial rarifaction 
is the greateſt.“ Thus it appears, that it is the 
fituation of the lands, and their effect in heating 
and rarifying the atmoſphere, which are the prin- 
cipal cauſes of the monſoons. Still, however, it 
muſt be owned, that the explanation i is imperfect, 
and the obſervations we polleſs too few for form- 
ing a theory. In the commencement of the mon- 
ſoons, to uſe the ſcamen's phraſe, they creep along 
ſhore, they then ſpread into the ocean: at firſt 
they are tceble, they afterwards become vigorous ; 
they then gradually diminiſh, and finally come to 
a change; and this twice in a year, agreeable to 
our ſolar progreſs. 

The ſun is the undoubted cauſe of the % and 
land breezes, which are wiſely appointed by Di- 
Dine Proviteice, to make ſome of the hotter cli- 
mates habitable. The /ea breezes in the Weſt- 
Indies begin to appear about nine © clock in the 
morning, in a fine black curl upon the water, ap- 
proaching the ſhore: it increaſes gradually till 
noon, and dies away at four or five in the after- 
noon. About ſix in the evening it changes to a 
land breeze, which blows from the land to the lea, 
and laſts till eight in tlie morning. There is an 
interval in the morning and evening between the 
changing of the breezes, when the "wind is ſtati- 
onary, like the water before the turning of the tide ; 
and theſe intervals are the hotteſt parts of the 
day. 

N The breezes are thus accounted for: When 
the ſun is up, his heat takes more effect on the 
land than on the water, ſo that the heat is ACCUMU= 

lated, 


* Nicholſon's Philoſophy, Vol. 2. p. 61, and Ga. 
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wind. and the air over the land is rarified; and 
as it mounts upward, the colder air from the ſea, - 
comes in to keep up the equilibrium. In the even- 
ing the dews are ſo exceſſive, and the cold ſo ſud- 
den on the land, from the quick deſcent of the 
ſun below the horizon. that the water in the night 
1s warmer than the land; and the air of the ſea, 
being then moſt rarified, the draught of air is con- 
trary to what it was in the day. 

In the northern temperate zone, the winds are 
variable, but the moſt general are the S. W. and 
W. and the N. E. and E. In the northern tem- 
perate and frigid zones, the winds are more tem- 
peſtuous in winter than ſummer.* 
| « In our climates, a tempeſt is but rarely 

known, and it's ravages are regiſtered as an un- 
common calamity but, in the countries that lie 
between the tropics, and for a good ſpace beyond 
them, it's viſits are frequent, and it's effects antici- 
pated. In theſe regions the winds vary their ter- 
rors, ſometimes involving all things in a ſuffo- 
cating heat; ſometimes mixing all the elements of 
fire, air, water, earth together; ſometimes with a 
momentary ſwiftneſs paſſing over the face of the 
country, and deſtroying all things in their paſ- 
ſage; and ſometimes raiſing whole ſandy deſerts in 
one country, to depoſit chem in another. We 
have, therefore, very little reaſon to envy thoſe 
climates, the luxuriance of their ſoil, or the bright- 
neſs of their ſkies. Our own cloudy atmoſphere, 
that wraps us round in obſcurity, though it fails to 
gild our ren with ſunſhine, or our groves 
with fruitage, nevertheleſs anſwers the catls of 
induſtry ; the labourer toils in the certain expec- 


tation of a moderate but happy return.” 
| The 


1 Dalton Meteorological Obſervations, p. 88, 
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The rains in the Weſt-Indies are by no means 
the things they are with us. Our heavieft rains are 
but dews comparatively : they are rather floods of 
water, poured from the clouds with a prodigious 
impetuolity ; the rivers riſe in a moment; new 


rivers and lakes are formed; and in a ſhort time 


'all the low countries are under water. 
It is in the rainy ſeaſon, principally in the 


month of Auguſt, that they are aſſaulted by hur- 


ricanes, which deſtroy at a ftroke the labours of 
many years, and proſtrate the moſt exalted hopes 
of the planter, and that, often when he thinks him- 
ſelf out of the reach of fortune. It is a ſudden 
and violent ſtorm of wind, rain, thunder and light- 
ning, attended with a furious ſw elling of the ſeas, 


and ſometimes with an earthquake; in ſhort, with 
every circumſtance which the elements can aſſem- 


ble, that is terrible and deſtructive. Firſt, they 


Hee, as a prelude to the enfuing havock, whole fields 
'of ſugar canes whirled into the air, and ſcattered 
over the face of the country. The ſtrongeſt trees 


of the foreſt are torn up by the roots, and driven 
about like ſtubble; their wind-mills are ſwept away 
in a moment; their works, the fixtures, the pon- 


derous copper-boilers, and ſtills of ſeveral hundred 


weight, are wrenched from the ground and bat- 
tered to pieces; their houſes are no protection; 
their roofs are torn off at one blaſt, whilſt the rain, 


which in an hour rifes five feet, ruſhes in upon 


them with irreſiſtible violence. 
There are ſigns by which the Indians of theſe 


iſlands taught our planters to prognoſticate the 
approach of an hurricane, The hurricane comes 


on either in the quarter or at the full change of 
the moon. If it comes on at the full, then, at the 


preceding change, the ſky is troubled, the ſun more 


red than uſual; there 1 is a dead calm below, and the 


mountain tops are free from thoſe miſts which 
uſually 
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uſually hover about them. In the caverns of the 
earth, and in wells, you hear a hollow rumbling 
ſound, like the ruſhing of a great wind. At night 
the ſtars ſeem much larger than uſual, and ſur- 
rounded with a fort of burs; the north-weſt iky 
has a black and menacing appearance; the ſea 


emits a ſtrong ſmell, and riſes into vaſt waves often 
without any wind. The wind itſelf now forfakes 


it's uſual ſteady eaſterly ſtream, and ſhifts about 
to the weſt; from whence it ſometimes, with inter- 
miſſions, blows violently and irregularly about two 


hours at a time. You have the ſame ſigns at the 
full moon: the moon herſelf is ſurrounded with a 


great bur, and ſometimes the fun has the ſame ap- 
pearance, 

The nature of the ſoil over which the wind 
blows has a great effect upon the quality of the air: 
the vaſt ſandy deſerts of Africa and Arabia glve a 
burning heat, and blaſting quality, to the air ther 
paſſes over them. Theſe horrid regions lie to the 


ſouthward and. eaſtward of the Mediterranean; and 


hence it is that travellers, who have had the op- 
portunity of making the compariſon, tell us, that 
the air of the Weſt India iſlands is nothing to the 


hot ſuffocating winds which blow in the night at 


Minorca and Gibraltar, for theſe latter are 7 
ſupportable by the human frame. At Goree, 
the river Senegal, there is an eaſterly wind * Fro 
the inland parts, with which thoſe who are ſud- 
denly met by it in the face are ſcorched up as by a 
blaſt from a furnace. 

An extraordinary blaſting wind is felt occa- 
fionally at Falklands Iſlands. Happily it's dura- 
tion is ſhort: it ſeldom continues above twenty- 
ſour hours. It cuts the herbage down as if fires 
had been made under them ; the leaves are parched 
up, and crumble into duſt. Fowls are ſeized with 


cramps, fo as never to recover. Men are oppreſſed 
| with 
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with a ſtopped perſpiration, heavineſs at the breaſt, 
and ſore throat; but recover with care, 
But beyond all others in it's dreadful effects, 
is the /amie/, or mortifying wind, of the defarts 
near Bagdad. The camels, either by inſtin& or 
experience, have notice of it's approach; and are 
fo well aware of it, that they are ſaid to make an 
unufual noiſe, and cover up their noſes in the ſand. 
To eſcape it's effects, travellers throw themſelves as 
cloſe as poſſible to the ground, and wait till it has 
paſſed by, which is commonly in a few minutes. 
As ſoon as they who have life dare to riſe again, 
they examine how it fares with their companions, 
by plucking at 'their arms or legs; for if they are 
1 by the wind, their limbs are abſolutely 
mortified, and will come aſunder. It is faid of this 
wind, that if it happens to meet with a ſhower of 
rain in it's courſe, and blows acroſs it, it is at once 
deprived of it's noxious quality, and becomes mild 
and innocent. It is alſo ſaid, that it was never 
known to paſs the walls of a city. 5 


5 Or Tas AvRora BoREALIS. 


| No perfon has paid ſo much attention to this 
| | Tubje& as Mr. Dalton; he is alſo the only one that 
| 1 know of who has given a clear and ſatisfactory 
account of this phenomenon. To his work I muſt 
refer you; contenting myſelf here with laying be- 
fore you his account of the appearances of the au- 
rora borealis, without entering into his explanation 
thereof. SE . 
The appearances of the aurora come under 
four different deſcriptions. 1ſt, A horizontal light, 
like the morning aurora, or break of day. 2dly, 
Fine, flender, luminous beams, well defined, and of 
denſe light. Theſe often continue a quarter, an 
half, or a whole minute apparently at reſt, but 
| oftener 
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oftener with a quick lateral motion. 3dly, Flaſhes 
pointing-upward, or in the ſame direction as the 
beams, which they always ſucceed. Theſe are 
only momentary, and have no lateral motion; but 
they are generally repeated many times in a mi- 
nute. They appear much broader, more diffuſe, 
and of a weaker light than the beams: they grow 


gradually fainter till they diſappear; and fome-. 


times continue for hours, flaſhing at intervals. 


4thly, Arches, nearly in the form of a rainbow: 


theſe when complete, go quite acroſs the heavens, 
from one point of the horizon to the oppoſite 
When an aurora happens, theſe appearances 
ſeem to ſucceed each other in the following order: 
I. the faint rainbow-like arches; 2. the beams; and 
3- the flaſhes. As for the northern horizontal 


light, it appears to conſiſt of an abundance of 


| flahes, or beams, blended together by the ſituation 
of the obſerver. | WE, 3 
The beams of the aurora borealis appear at all 


places to be arches of great circles of the ſphere, 


with the eye in the centes; and theſe arches, if 
prolonged upwards, would all meet in one point: 

The rainbow-like arches all croſs the magnetic 
meridian at right- angles. When two or more ap- 
pear at once, they are concentric, and tend to the 
eaſt and weſt; alſo the broad arch of the horizontal 
light tends to the magnetic eaſt and weſt, and is 
biſected by the magnetic meridian; and when the 
aurora extends over any part of the hemiſphere, 
whether great or ſmall, the line ſeparating the 
illuminated part of the hemiſphere from the clear 
part, is half the circumference of a great circle 
croſſing the magnetic meridian at right- angles, and 
terminating in the eaſt and weſt: moreover, the 
beams perpendicular to the horizon are only thoſe 
on the magnetic meridian. e 
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That point in the heavens to which the Bean- 
of the aurora appear to converge, at any place, is the 
ſame as that to which the ſouth pole of the dipping 
needle points at that place. 

The Q beams appear to riſe above each other i in 
ſucceſſion; ſo that of any two beams, that which 
has the higher baſe has alſo the higher ſummit. 
Every beam appears broadeſt at or near the 
baſe, and to grow narrower as it aſcends; ſo that 
the continuation of the bounding lines would meet 
in the common center to which the beam tends. 

The height of the rainbow-!ike arches of the 
aurora, are eſtimated by Mr. Dalton to be above 
the earth's ſurface about 150 Engliſh miles. : 
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If the changes of che weather depended on 


the courſe of the year, and the temperature of 


climates were governed by their ſituation with re- 


ſpect to the ſun, that is, by their latitude, then the 
weather might be reduced to ſome regular theory. 
But this is ſo far from being the caſe, that the latitude 


of a place cannot be conſidered as an index to the 


temperature of the climate: for we find the hotteſt 
days in the coldeſt climates; and the coldeſt wea- 


ther, and even perpetual ſnow, are found in coun- 
tries bordering on and immediately under the 


equator ; ſo that we muſt recur to ſome other cauſes 
beſides the immediate influence of the ſolar rays. 


1. But though the ſun is not the only cauſe, 
it's preſence is undoubtedly the principal ſource of 


heat as well as light, and it's abſence the primary 


_ cauſe of cold. 1 is eg the 51 8 ſpirit of the 


world: 


EKirwan's Eſtimate of the Temperature of diffrent Lati- 


tudes. 
c * s Phyſiological Diſquiſitions, 
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world: all things revive at his approach; winter 
and froſt lay behind him. | 


2. The ſecond ſource of heat is the earth. 


Nobody has yet been found ſo abſurd as to ſuppoſe 
that human perſpiration was owing to the air that 
ſurrounds the ſkit; it originates in an internal 
cauſe; it is occaſioned by a heat within, not the air 
without. It is the ſame with reſpect to the earth; 

which, by imparting it's heat to the atmoſphere, 
moderates the rigour of the winter's cold. Whe- 
ther we ſuppoſe that this heat ariſes from a central 
ſource, or that the globe, from it's firſt, creation, 


was endued with a heat ſufficient for all the pur- 


Poſes it was intended to anſwer; yet it is evident 
that it is renewed and preſerved by the influence of 


the ſun, and that there is always a ſilent and i imper- 


ceptible heat proceeding from the earth. 


Mr. de Luc ſhews, that our globe has a pro- | 


viſion of fire ſpread through it's whole maſs; fo 
that wherever there is no chemical operation to 
diſengage or to abſorb it, this fire maintains the 


ſame degree of expanſive force. From obſervation 


we alſo find, that the fame degree of heat reigns in 
all ſubterraneous places, except in mines where 
there is reaſon to ſuſpect ſome chemical ope- 
ration. With reſpe& to thoſe parts of the globe 
which are neareſt the ſurface, the fire paſſes there- 
from into the air, when it's expanſive force exceeds 
that of the fire in the air, and vice ver/a. Thus a 
certain equilibrium is preſerved near the ſurface, 
though ſubjeA to certain viciſſitudes. 

Ihe ſolar rays exerciſe two diſtinct functions; 
in the one acting as fire, in the other increaſing the 
expanſive force of the exiſting fire. Various com- 
binations of fire are continually forming, as well 
upon the ſurface of the globe as in the atmoſphere; 
combinationsWhich are afterwards under other cir- 
cumſtances deſtroyed. Theſe compoſitions and de- 
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compoſitions occaſion the greater part of terreſtrial 
phenomena. 

The next great ſource of heat is the con. 
denſation of vapour. Vapour contains a quantity 
of fire: it is this fire which cauſes it to aſſume, and 
ſupports it in an aerial expanded ſtate: when con- 
denſed into a liquid form, it lets go this fire, which 
warms the ſurrounding atmoſphere ; hence the ſul- 
trineſs * experienced before rain. 


Or THE SouRCEsS OF Corp. 


1. As the earth is one of the principal ſources 
of heat in the atmoſphere that ſurrounds it, ſo is 
diſtance from the earth a ſource of cold; the greateſt 
cold prevailing in the higheſt regions of the atmo- 
ſphere: for where the re-action is wanting by a 
ſuperficial preſſure, but little effect can be received 
from the rays of the ſun; and it is further proved, 
by experiments with the burning-glaſs, that a clear 
unclouded air receives no heat from theſe rays. 
Hence, when we aſcend to a lighter air, at a diſ- 
tance from the ſurface, the heat is not ſufficient to 
melt the ſnow; and we find the higheſt mountains, 
even under the equinoclial, perpetually covered 
therewith : thus the mean height of the lower term 
of congelation, in winter, in this latitude, may be 
conſidered in general to be at 6260 feet from the 
ſurface, and the mean height. of the upper term at 
1125 feet, We cannot in this Lecture contider 
any of the minute exceptions. 5 

Sir William Young gives a remarkable in- 
ſtance of the effect of hills, in arreſting vapours, 
and producing rain, while the exhalations from 
the trees on it's ſurface cool and temper the 
air; obſerving, that the ſmooth poliſhed Barbadoes, 
and our Leeward Iſlands, are parched up, .whilſ 


the, ein and rugged Dominica, St. Vincent, 
*. 5 Grenada, 


N 
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Grenada, and Tobago, enjoy inceſſant rains, and 
delicious verdure. 
It is generally agreed, that the clearing away 
of wood in time leſſens the vapours, and conſe- 
quently the rain of a country. Several fine pariſhes 
in Jamaica, which uſed to produce large crops of 
ſugar canes, and were once the richeſt ſpots in the 
iſland, are now dry for nine months in the year, and 
are turned into cattle-pens, through the clearing 
away of the neighbouring woods. oy 
Water is very plentiful in thoſe countries where 


woods and foreſts abound, and the pureſt ſprings 


are generally found beneath the friendly ſhelter of 
a grove, | | 


The natural hiſtory of every country ſhews, 


that in proportion as the woodlands are cleared, the 
water courſes diminiſh. | 
In America, unfortunately for the inhabitants, 
this truth 1s too well known; for ſince the woods in 
the vicinity of their, towns have been cut down, 
many long eſtabliſhed mill races have become dry, 
and others have been reduced ſo low, as to cauſe 
very great interruptions to the miller, who muſt 
wait a conſiderable time for the dams to fill be- 
tween every few hours work. fs 
Hence we may learn the important neceſſity of 
preſerving the trees, from beneath whoſe humid 
ſhades a water ſpring diſcharges it's ſtreams; and 
hence, too, we may learn, that the ſmalleſt ſprings 
may be improved by planting around them a grove 
of trees, particularly the oak, ſo highly valued by 
the Greeks, the Romans, and our ancient Druids ; 
who, conſidering the health of man, and the ferti- 
lity of the ſoil, to be abſolutely dependent upon 
plenteous ſtreams of water, conſecrated their groves 
to preſerve their ſprings. ; | 
2. The next great ſource of cold 1s evapora- 


tion. The ſame cauſe which makes the con- 
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denſation of vapour a ſource of heat, makes eva- 
poration productive of cold; as it abſorbs the fire 
in the latter inſtance, which it gives out in the 
former: it is this which gives the particles of va- 
pour their aerial form. When fire paſſes from 
fluids which it has heated, it's courſe is upwards, 


* 


and it always carries with it a thin ſtratum of the 
fluid in the form of vapour: thus evaporation not 
only tempers the heat occaſioned by the ſun” s rays, 
but is one great ſource of cold. 


Or EvATORATIOT. 


Of evaporation it may be obſerved, 1. That in 
our climates the quantity of it is four times greater 
from the 21ſt of March to the 21ſt of September, 
than it is from the 21ſt of September to the 21ſt of 
March. 

2. That it is greater in proportion as the dif- 
ference in temperature between the air and eva- 
porating ſurface is greater; though if the air be 15 
degrees colder than the evaporating ſurface, there is 
no evaporation, but a depoſit of moiſture from the 
alr. 

3- The degree of cold produced by eva- 
poration, is always much greater when the air is 
warmer than the evaporating ſurface, than that 
which is produced when this ſurface is warmer than 
the air. Hence warm winds, as the Serocco and 
Harmatan, are more deſiccative than cold winds. 

4. Evaporation is more copious when the air 
is leſs loaded with vapours, and is conſequently 
powerfully promoted by cold wind flowing into 
u armer countries. 

5. That it is greatly 109 by a current of 
air, or wind, flowing over the evaporating ſurface; 
not only bec auſe the evaporating ſurface is thereby 


inereaſed, but alſo becauſe the vapour is thereby 
removed, 
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removed, and prevented from attaining it's maxi- 
mum: hence it is generally remarked, that calm 
days are the hotteſt. 

6. Tracts of land covered with trees or vege- 


tables, emit more vapour than the ſame ſpace 


covered with water: on this principle it is, that 


the air about a wood or foreſt is made colder by the 


evaporation from trees and ſhrubs, while the plants 


themſelves are kept in a more moderate heat,” and 


ſecured from the burning heat of the ſun, by the 


vapour perſpired from the leaves. Thus we find 
the ſhade of vegetables more effectual to cool us, as 
well as more agreeable, than that from rocks and 


buildings. 


7. The heat and cold of different countries are 


tranſmitted from one country to the other, by the 
medium of winds, 


Or ANNUAL TEMPERATURE. 


Within ten degrees of the pole there is very 


little difference in the annual temperature, nor is 


there much within ten degrees of the equator. 
The temperature of different years differs very 


little near the equator, but they differ more and 


more as their latitudes approach the pole. 


It ſcarce ever freezes, unleſs ein very elevated 


ſituations, in latitudes under 352; and it ſcarce 
ever hails in latitudes higher than 609, 


Between the latitudes of 35 and 60tñ in places 


adjacent to the ſea, it generally thaws when the 
ſun's altitude is 409, and ſeldom begins to freeze 
until the ſun's meridian altitude 1s below 409. 

The greateſt cold in all latitudes in our hemi- 
ſphere, is generally about half an hour before ſun- 
riſe: the greateſt heat in all latitudes between 609 
and 452, is found to be about half Pare” two o'clock 


in the afternoon ; between latitudes 45 and 35%, at 


Nn 3 we 
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two o clock; between latitudes 35%and 25 at half 
paſt one; and between latitude 2 $ and the equator, 
at one o'clock. 

The month of January is the coldeſt in every 
latitude. July is the warmeſt month in all lati- 
tudes above 48; but in lower latitudes Auguſt is 
generally the warmeſt. 

December and January differ but little, and 
there is no great difference between June and july. 
In latitudes above 30%, the months of Auguſt, Sep- 
tember, October, and November, differ more from 
each other than thoſe of February, March, April, 
and May; in latitudes under 30“ the difference is 
not ſo great. The temperature of April approaches 
more every where to the mean annual temperature 
than that of any other month: whence we may 
infer, that the effects of natural cauſes, operating 
over a large extent, do not arrive at their maximum 
until the cauſes begin to diminiſh ; but that after 
theſe effects have arrived at their maximum, the 
decrements are more rapid than the increments 
originally were, during their progreſs to that maxi- 
mum. 

The differences between the hotteſt and the 
coldeſt months, within twenty degrees of the equa- 
tor, are inconſiderable, except in ſome peculiar 
ſituations; but they increaſe in proportion as we 
recede from the equator. | 

In the higheſt latitudes, we often meet with a 
heat of 75 or $99; and particularly in latitudes 59® 
and 60®, the heat of J uly is frequently greater than 
in latitude 519. 

At the time of the equinoxes, when the ſun 
paſſes from one hemiſphere into the other, there is 
generally ſome diſturbance in the weather; the 
winds are then moſtly higher: at the vernal equi- 
nox, they are for the greater part eaſterly, cold, 
dry, and ſearching. The ſolſtitial point of the 

TE ſummer 


Or Merrokoloov. 55 


ſummer is more apt to be diſtinguiſhed by violent 


rains, and what we call a midſummer flood. The 


winter being leſs rainy than the ſummer, nothing 
particular happens at the winter ſolſtice, except 
that the froſt ſets in more ſeverely, with ſome con- 
tinuance of ſnow, which lies long upon the ground. 


The lemperature of a climate depends on many: 
circumſtances, particularly on the diſpoſition of the 


land; as it's elevation, it's expoſure to the winds, 


and the courſe of the mountains that are found in 


it. Thus the writer of Anſon's voyage informs us, 


that while they coaſted near the land of South 


America, which has thoſe vaſt ridges of moun- 
tains, the Andes and Cordillieras, the air was ren- 
dered temperate by the wind that blew over them ; 
bur when they had paſſed beyond this tract of land, 


and failed by the iſthmus of Darien, where the 


country is flatter, the air became inſupportably 
cloſe and ſultry. | 
All countries lying to the windward of high 
mountains, or extenſive foreſts, are warmer than 
thoſe to the leeward in the ſame latitude. 

The vicinity io the fea is another circumſtance 
which affects the temperature of a climate ; as it 
moderates the heats from the land, and brings the 
atmoſphere down to a ſtandard beſt fitted ro the 
human conſtitution. This 1s probably the reaſon 
why there is ſo great a proportion of ſea on the 
terraqueous globe, and particularly why it is ſo 
largely diſtributed about the middle region of the 
earth. In our hemiſphere, countries that he ſouth- 


ward of any ſea, are warmer than thoſe that have 


that ſea to the ſouth of them; becauſe the winds 
that ſhould cool them, in winter are mitigated by 
paſſing over the ſea ; whereas thoſe that are north- 
ward of the ſea, are cooled in ſummer by the 
pr eezes from it, A northern or ſouthern bearing 
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of the ſea renders a country warmer than an eaſtern 
or weſtern bearing. 1 | 
Hands participate more of temperature ariſing 
from the lea, and are therefore warmer than conti- 
nents. Moſt large iſlands have their greateſt ex- 
tent from north to ſouth. With us, the ſouthern 
parts are proportionably colder than the northern, 
A ridge of mountains generally traverſes iſlands in 
the direction of their length. 5 
The ſoil of large tracts of land has it's ſhare 
in influencing the temperature of the weather: thus 
ſtones or ſand heat and cool more readily, and to a 
greater degree, than the earth or vegetable mould; 
hence the violent heats of the moſt ſandy deſarts of 
Arabia and Africa, and the burning heat and blaſt- 
ing qualities of the wind that paſſes over them; 
hence alſo the intenſe cold of Terra del Fuego, and 
other ſtony countries, in cold latitudes. | 
Living vegetables have a conſiderable effect in 
alteringclimates,and affecting the weather. Wooded 
countries are much colder than thoſe that are open 
and cultivated; thus part of Guiana has only been 


cleared from wood ſince the beginning of this cen- 


tury, and the heat in that part is already exceſſive ; 
whereas in the wooded parts the inhabitants arc 
obliged to light a fire every night. 
Every habitable latitude enjoys a heat of 60 
degrees at leaſt, for two months; which heat ſeems 
neceffar;,”, for the growth and maturity of corn. 


The quickneſs of vegetation in the higher lati- 


tudes,. proceeds from the duration of the ſun over 
the horizon, Rain is little wanted, as the earth 1s 
ſufficiently moiſtened by the liquifaction of the 
{now, that covers it during the winter. In all this, 
we cannot ſufhciently admire the wife diſpoſition 
of Providence. f 15 
It is owing to the ſame provident hand, that 
; Ane 
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the globe of the earth is interſected with ſeas: and 
mountains, in a manner, that on it's firſt appearance 
ſeems altogether irregular and fortuitous ; preſent- 
ing to the eye of ignorance, the view of an im- 
menſe ruin: but when the effects of theſe ſeeming 
irregularities, on the face of the globe, are care- 
fully inſpected, they are found moſt beneficial, and 
even neceſſary to the welfare of it's inhabitants; 
for, to ſay nothing of the advantages of trade and 
commerce, which could not exiſt without theſe 
ſeas ; we have ſeen, that it is by their vicinity, that 


the cold of the higher latitudes is moderated, and 


the heat of the lower. It is by the want of ſeas, 
that the interior parts of Aſia, as Siberia and Great 
Tartary, as well as thoſe of Africa, are rendered 
almoſt uninhabitable ; a circumſtance which fur- 
niſhes à ſtrong prejudice againſt the opinion of 
thoſe, who think theſe countries were the original 
habitations of man. In the ſame manner, moun- 
tains are neceſſary, not only as the reſervoirs of 
rivers, but as a defence againſt the violence of 
neat in the warm latitudes. Without the Alps, 
Pyrenees, Apennine, the mountains of Dauphine; 
and Auvergne, &c. Italy, Spain, and France, 
would be deprived of the mild temperature they 
at preſent enjoy : without the Balgate hills, or 
Indian Apennine, India would have been a deſart: 
hence Jamaica, St. Domingo, Sumatra, and molt 
other intertropical iſlands, are furniſhed with 
mountains, from which the n proceed that 
Felreſ them, 


Or ATMosPHERICAL ELECTRICITY. 


By little is known with any certainty, con- 
cerning atmo/pherical electricity, that I ſhall de- 
tain you but a ſhort time with what I have to ſay 
thereon. If every ſolution of continuity, every 
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expanſion and contraction of material ſubſtances, 
are ſources of elcttrical appearances, we need not 
be ſurprized at finding it in great abundance among 
the clouds: in this view of the ſubject, the per- 
petual oſcillations of the air muſt be alſoa means of 
rendering it ſenſible to us. Mr. Benner's * electro- 
Meter, which I have already deſcribed, is the beſt 
and readieſt inſtrument for obſerving the changes 
in the electricity of the atmoſphere. 

The following poſitions have been deduced 
from ſome obſervations on the electrical ſtate of 
the atmoſphere. iſt. That in the ſpring," when 
plants begin to grow, we are told, that temporary 
electrical clouds begin to appear, and pour forth 
electric rain. 2d. That the electricity of the clouds 
and of the rain increaſes, till that part of autumn, 
when the laſt fruits are gathered. It is hence ſup- 
poſed to actuate and animate vegetation, and to give 
to rain that power, which renders it more propiti- 
ous to vegetables than any other kind of water- 
ing. > 

1 Aerial electricity varies according to the ſitu- 
ation; it is generally ſtrongeſt in elevated and in- 
ſulated ſituations; not to be obſerved under trees, 
in ſtreets, in houſes, or any incloſed places; though 
it is ſometimes to be found pretty ſtrong on quays 
and bridges. It is alſo not ſo much the abſolute 
height of the places, as their ſituation; thus a pro- 
jefting angle of a high hill will often exhibit a 
ſtranger eleciriciry than the plain at the top of the 
hill, as there are fewer points in the former to de- 
prive the air of it's electricity. | 

The intenſity of the atmoſpheric electricity 

is varied by a great many circumſtances, ſome of 
v hich may be accounted for, others cannot. Os 
the 


* See the Rev, Mr. Bennet's New Experiments on Electri· 
oity, Derby, 1789. | 
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the weather is not ſerene, it is impoſſible to aſſign 


any rule for their variation, as no regular correſ- 

ndence can then be perceived with the different 
hours of the day, nor with the various modi fica- 
tions of the air. The reaſon is evident; when con- 
trary and variable winds reign at different heights, 
when clouds are rolling over clouds, theſe winds 
and clouds, which we cannot perceive by any ex- 
terior ſign, influence, however, the ſtrata of air in 
which we make our experiments, produce thoſe 
changes of which we only ſee the reſult, without 
being able to aſſign either the cauſe, or it's relation. 
Thus, in ſtormy weather, we ſee the electricity 


ſtrong, then null, and ina moment after ariſe to it's 


former force; one inſtant vitreous, the next re- 


ſinous; without being able to aſſign any reaſon for 
theſe changes. Mr. de Sauſſure ſays, that he has 


ſeen theſe changes ſucceed with ſuch rapidity, that 
he had not time to note them down. 

When rain falls without a ſtorm, theſe changes 
are not ſo ſudden; they are, however, very irregu- 
lar, particularly with reſpect to the intenſity of 
force; the quality thereof is more conſtant. Rain 
or ſnow almoſt uniformly give vitreous elec- 
tricity. „ 

The ſtate of the air, in which the electricity 
is ſtrongeſt, is foggy weather; this is always ac- 


companied with electricity, except when the fog is 


going to reſolve into rain. 

The molt intereſting obſervations, and thoſe 
which throw the greateſt light upon the various 
modifications of electricity in our atmoſphere, are 
thoſe that are made in ſerene weather. In winter, 
(during which moſt of Mr. de Sauſſure's obſerva- 
tions were made) and in ſerene weather, the elec- 
tricity was generally weakeſt in an evening, when 
the dew had fallen, until the moment of the ſun's 
Filing ; it's intenſity afterwards augmented by de- 


grees, 
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grees, ſometimes ſooner, and ſometimes later; but 
generally before noon it attained a certain maxi- 
mum, from whence it again declined, till the fall 
of. the dew, when it would be ſomerimes ſtronger 
than it had been during the whole day; after which, 
it would again gradually diminiſh during the whole 
night; but is never quite deſtroyed, if che weather 
is perfectly ſerene. 

Atmoſpherical ele&ricity ſeems, therefore, like 
the ſea, to be ſubject to a flux and reflux, which 
cauſes 1t to increaſe and diminiſh twice in 24 
hours. The moments of it's greateſt force are ſome 
hours after the riſing and ſetting of the ſun ; thoſe 
when it zs weakeſt, precede the riſing and ſetting 
thereof. 

The electricity of ſerene weather is much 
weaker in ſummer than in winter, which renders 
it more difficult to obſerve theſe gradations in ſum- 
mer than in winter; beſides a variety of accidental 
cauſes, which at the ſame time render them more 
uncertain. In general, in ſummer, if the ground 
has been dry for ſome days, and the air is dry alſo, 
the electricity generally increaſes, from the riſing 
of the ſun till g or 4 in the afternoon, when it is 
ſtrongeſt; it then diminiſhes till the dew begins to 
fall, which again reanimates it; though after this 
it declines, and is almoſt extinguiſhed during the 
night. 

« But the ſerene days that ſucceed rainy weather 
in ſummer, generally exhibit rhe ſame diurnal pe- 
riods or ſtates of electricity, as are to be obſerved 
in winter. e 


Ox PROGNOSTIC S16Ns or THE WEATHER, 
There is no part of mer which intereſts 
mankind ſo much, as the predictions it furniſhes 
of the change of weather, The theory of 1t only 
| | engages 
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engages the attention, by animating us with the 
hopes of thereby bringing the knowledge of theſe 
predictions to perfection. e 

And the far greater part of thoſe who pur- 
chaſe meteorological inſtruments, buy them, not 
ſo much to know the actual ſtate of the elements, 
as to foreſee the changes thereof. This ſcience is, 
however, very imperfect ; for it is but of late years 


that we began to make obſervations on the changes 


of the weather ; and that it's progreſs has been ra- 
pid and ſucceſsful, may be ſeen in the works of 
De Luc, De Sauſſure, Jones, Marſhall, and Kirwan. 
But theſe obſervations will be ſtill more valuable to 
poſterity ; for we can ſcarce expect them in ſuffi 
cient number in our own age, to deduce from them 
a general and perfect theory. 

To attain this end, it will be neceſſary to 
multiply obſervations on as great a number of ſigns 
as poſſible; for it is only by their combination and 
concurrence that we can expect to remove the un- 
certainty inſeparable from each in itſelf. Thus 
the barometer is not always a certain ſign; the 
ſame may be ſaid of the thermometer, the hygro- 
meter, and the action of winds. But if they all 
concur together, there is but little chance of being 
deceived ; and there would be {till leſs, if to theſe 
were joined other ſigns, which are caſy to obferve, 


and which by their combination would render our 


prediction certain. - 
No ſign, nor any inſtrument of obſervation, 
ſhould therefore be neglected, cither from a love of 
ideal perfection, or fears of inaccuracy. Thus, 
though the hygrometer be at preſent a very imper- 
fect inſtrument, yet one certain ſign has already 


been obtained from it's indications, and more may 
be reaſonably expected. Even. the words very 
dry, very moiſt, moderately dry, moderately moiſt, 


though 
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though of vague determination, may throw muck 
light on the ſtate of the atmoſphere. | 

It is neceſſary that the obſerver ſhould enter 
Into a preciſe detail of the various ſtates of the ſky, 
and the clouds. What can we learn from the words 
covered, and cloudy, or half covered ſky, &c.? No- 
thing, ſince it is well known, that a covered ſky, 
in one caſe, is almoſt as certain an indication of 
fine weather, as in another, it is an indubitable 
preſage of rain. The accurate obſerver piques 
himſelf on a thermometer, with which he can ob- 
ſerve within a degree, and a barometer that he can 
depend upon to leſs than the 1oodth of an inch; 
but is ſilent on the tranſparency of the air, on dews, 
on the elevation, the form, the ſign, the diſpoſition, 
the colour, and the denſity of the clouds; things 
that may be obſerved with caſe, and deſcribed with- 
out trouble ; being attended with no other incon- 
venience than that of extending the ſize of our 
meteorological tables. 

There is a phenomenon, which has not been ſuffi- 
ciently attended to, namely, the undulating motion 
of the firmament, or that diurnal tumult in the air, 
which is kept up by the heat of the ſun, What 
the ſun raiſes from the earth by the heat of the day, 
is ſuſtained in the atmoſphere by it's heat, and the 
agitation, or expanſive undulation of the air. This 
motion 1s often viſible to the naked eye, but in the 
field of a powerful teleſcope it is very conſpicuous z 
all objects appear in violent agitation, and the line 
of the ſenſible horizon, which ought to be clear 
and well defined, is waved like a field of corn in 
the wind, or the ſurface of the ſea in a ſtorm. So 
long as this agitation continues, the vapours ſtay 
in the air; but when it ſubſides, and the fun de- 
parts, they are condenſed, and fall down to the earth 


in the night as dew. 
In 


* 


\ 
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In the preſent ſtate of this part of ſcience, 
when we are unacquainted with ſo many pheno- 
mena, and ſtill more ignorant of their cauſes, 
general rules will often be found to fail, and parti- 
cular ones will, without much circumſpeRQion, 
prove to be a ſource of error. Amongſt the variety 
of means for predicting the changes of the wea- 
ther, the barometer is undoubtedly one of the beſt; 
and is in this, as well as many other reſpects, one of 
the greateſt acquiſitions to natural philoſophy. 

The uſual ranges of the mercurial column, in 
this latitude, are comprized between 28 and 31 
inches; of which the middle, or 292, is confidered 
as the variable: I think it ſhould be placed ſome- 
what higher. Near the pole, the variations of the 
barometer are much greater. | 


Or ProcNnosTICs BY THE BAROMETER. 


Ever ſince the barometer has been invented, 
philoſophers have endeavoured to account for the 
variations in the height of a local barometer, but 
hitherto in vain. Mr. de Luc, in the firſt volume 
of his “ Recherches ſur les Modifications de PAt- 


moſphere,” has given a critical and very intereſting. 


account of the various phyſical opinions that have 
been invented for this purpoſe by Paſcal, Beale, 
Wallis, Garden, Halley, &c. &c. and ſhewn that 
they are all imperfect, and inadequate to the ſo- 
lution of the phenomena. He then propoſes one 
of his own; which, with that candour that ever 
diſtinguiſhes a lover of truth, he has ſince aban- 
doned. To give a particular account of the various 
hypotheſes, would occupy a volume, and that to 
little purpoſe. As I know of none that can be 
depended on, I ſhall content myſelf with only re- 
lating the bare phenomena. The two great ſources 
of error on this ſubject have been, 1ſt, the diffi- 


culty 


| 
| 
| 


| 
: 
1 
1 
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culty of obſerving the whole of the appearances f 
and 24ly, tlie facility with which the mind em- 


braces and ſupports a favourite hypotheſis. 
here is one ſtriking phenomenon in the va. 
riations of the barometer, which ſhould be parti- 


cularly attended to in every theory, becauſe it is as 


great as it is certain and invariable ; namely, that 
the variations diminiſnh in proportion as you ap- 
proach the equator, and augment as you ad- 
vance towards the poles. . The countries, however, 
that are ſituated about the equator, are ſubject to 
changes of the weather, though it is more conſtant 


there than in the temperate climates : there are 


changes there of humidity and dryneſs, rains and 
fair weather, ſtorms and tempeſts, &c. much more 
violent than with us; and yet all theſe take place 
d N a way 3 the barometer. 2 


Mx. Datrox' s GENERAL Des AND O85ERVATIONS 
"706K JUDGING or THE WEATHER. | 


I. "The barometer is higheſt of all during 4 
long froſt, and generally riſes with a N. E. wind; 
it is loweſt of all during a thaw following a long 
froſt, 1 is often brought down by a S. W. wind. 

2. When neareſt the high extreme for the 
ſeaſon, of the year, there is very little probabllity 
of immediate rain. 


7 3- When barometer is 106 Fo the ſeaſon, 


there is ſeldom a great weight of rain, though a fair 
day in ſuch a caſe is rare. The general tenor of the 
weather at ſuch times is, ſhort, heavy, and ſudden 
ſhowers, with ſqualls of wind from the S. W. W. 
or N. W. 

4. In ſummer, after a long continuance of fair 
weather, with the barometer high, it often falls 
gradually, and for one, two, or more days before, 


there is much appearance of rain. If the fall be 
| | ſudden - 
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ſedden and great for the ſeaſon, it will probably be 


followed by thunder. 


5. When the appearances of the ſky are very 


promiſing for fair weather, and the barometer at the 


ſame time low, it may be depended upon that the 
appearances will not remain ſuch long. On theſe 


occaſions the face of the ſky changes very ſuddenly. 


6. Very dark and denſe clouds paſs over; when 


the barometer 1s high, without rain; but when the 


barometer is low, it ſometimes rains almoſt without 


any appearance of clouds. ä 5 
7. All appearances being the ſame, the higher 


the barometer is, the greater is the probability of 


fair weather. 


8. Thunder is generally pteceded by hot wea- 


ther, and followed by cold and ſhowery weather. 
9. A ſudden and extreme change of tempe- 
rature of the atmoſphere, either from heat to cold, or 


cold to heat, is generally followed by rain within 24 


hours. : | . 
10. In winter, or during a froſt, if it begins to 


ſnow, the temperature of the air generally riſes to 
329, and continues there while the ſnow falls; 
after which, if the weather clears up, expect ſevere 


cold. | 
11. The aurora borealis is a prognoſtic 


of fair 
weather. 3 


FuRTHER InDICATIONS OF THE WEATHER BY TIE 


BAROMETER. 


In general, when the barometer falls, there is 


rain; but when the mercury riſes, it is a ſign of fair 


weather. | | 
If the mercury falls in a froſt, we may expect 


ſnow, or a thaw ; but if it riſes in winter, with a 


north or eaſt wind, it generally portends a froſt. 
If the mercury ſinks ſlowly and gradually, we 


may expect that the rain will be of ſome conti- 


Vol. IV. O o nuance; 
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nuance; and if the riſe be gradual, we may 
Judge that the fine weather will be laſting. If 


it fluctuates much, riſing and falling ſuddenly, the 
weather is unſettled and changeable : if it falls very 
low, there will be much rain; but if it's falls are 
low and ſudden, a high wind generally enſues; 
when exceeding low, ſtorms and tempeſtuous wea- 
ther may be expected; but if an extraordinary fall 
happens, without any remarkable change near at 
hand, it is probable that there is a ſtorm at a diſ- 
tance. 

Ihe deſcent of the barometer. i is not, however, 
always an indication of rain, for it will often fall for 


wind; nor is it's riſe a certain ſign of fair weather, 


particularly if the wind be northerly or eaſterly. It 
the ſine weather be laſting, with a weſterly wind, 
the mercury generally reſts a little above change- 
able, but ſomewhat below thirty inches. 


In the ſummer months the barometer does not 


vary ſo much as in winter; the greateſt variations 


are in the firſt two, and the laſt two months of the 


year, but particularly i inthe firſt and laſt. A north- 
caſt wind generally makes the barometer in this 
country riſe, and it 1s Lag loweſt with a ſouth- 
weſterly wind. 

If the mercury continues to fall while it rains, 
It will be likely to rain the next day: when the 


mercury is pretty high, and has fallen to foretel 


rain, and yet riſes before the rain falls, it is an 
indication that there will be but little. In fair 
weather, when the mercury has continued high and 
riſing, if it falls about noon, and riſes again towards 


the evening, a ſingle ſhower may be expected on 


the evening or noon of the next day, and then fair 
weather. When the mercury riſes gradually about 


half a tenth, and continues to do ſo for many days, 


the fair weather may be expected to continue for 


ſome time, unleſs wind intervenes, particularly from 
N W. by 8. | 


FroM 
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PA | 
In winter, if the cold diminiſhes ſuddenly, it 
ih general portends rain; in ſummer, a ſudden 
augmentation of heat is alſo a forerunner of 
rain. | 


« 


FROM THE BAROMETER AND THERMOMETER. : 


If the air in foggy weather becomes hotter by 
the action of the ſun alone, the fog generally diſſi- 
pates, and the air remains ſcrene: but if the baro- 
meter falls, and the change of temperature be from 
a ſouth or ſouth-weſt wind, the fog riſes and forms 
itſelf into clouds, and it's aſcenſion is generally a ſign 
of rain. : 
From THE BAaROMETER, HyoromeTER, WIND, 

AND STATE OF THE Skx. | 


The barometer being high and ſtationary, the 
natural and factitious hygrometers indicating dry air, 
the canopy of the ſky lofty, and the wind north- eaſt- 
erly, are the ſureſt ſigns of /e77led fair; while a 
light and moiſt atmoſphere, the canopy of the ſky 
low, and a ſouth-weſt wind, certainly portend a wet 
ſeaſon, 


FROM CLouDs. 


When the live are formed like fleeces deep 
and denſe towards the middle, and very white at 
the edges, with a bright blue ſky about them, they 
generally ſoon fall in hail, ſnow, or in haſty ſhowers 
of rain. In the north of England, ſuch clouds are 
called woolpacks. 

There is no ſign of rain more certain than” two 
different currents of clouds, eſpecially if che under- 
2 | moſt 
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moſt flies faſt before the wh, when this happens 
in ſummer, there is ſeldom wind at the time, and 
thunder generally follows. In winter the light va- 
pour, or ſcud, as the ſailors call it, often comes 
rapidly againſt the wind, and a gale i is ſoon after 
expected. 

The !ran/parency of che air is to the inhabitants 
of the Alps one of the moſt certain ſigns of rain; 
when the diſtant objects appear diſtinct and well 
defined, when the ky 7s of a deep blue, they conſider 
rain as near at hand, though no other ſigns appear, 
I have been informed by a gentleman to whom | am 
under obligations for other obſervations, that this 
ſign, from the tranſparency of the air, is by no means 
local, but is often obſerved in England, that in ſuch 
a ſtate of the air, the ſailors ſay the land, or other 
object, looms near, and expect bad weather. 

When the ſky, in a rainy ſeaſon, is tinged with 
a ſea-green colour, particularly near the horizon, 
when it ought to be blue, the rain will continue and 
increaſe. If it be of a deep dead blue, it will be 
ſhowery : this is more particularly found to hold true 
ncar the fea coaſt. 

Clouds of a ſimilar appearance produce thunder 
in ſummer, and ſnow in winter; ſuch clouds are 
broken, and irregularly ſhaped, heaped one on ano- 
ther, and from their uncommon dentity project 
towards the earth. After a thunder ſtorm, if it has 
been of confiderable duration, the wind generally 
(if not always) veers to the quarter from aa the 
firſt clap proceeded. 

A cloſe ſultry day, when the current of air is 
ſcarcely perceptible, is often ſucceeded by a change 
in the wind. 

The wind {hitting from point to point round 
the compals, generally denotes rain. If, after a con- 


tinucd rain from a muddy ſky, the horizon appears 
| lighter 


2 


y 


. „ 
9 % * 
I Ss * 


Or MrTrorRoLOGY. 665 


lighter in any quarter, expect the wind from that 


quarter. 8 es 


/ 


I Walnd 5 followitis table of the ſtate of the 


weather among my father's Papers : it appears to 


me worthy of attention. 


Tus GENERAL 8141 or THe WEATHER WHEN THE 
MERCURY IN THE - BAROMETER REMAINS STA=- 
TIONARY ON ANY OF THE UNDERMENTIONED DE- 
GREES, I2 OF WHICH ARE EQUAL TO AN ENGLISH 
INCH. 


The outer numbers are the correſponding inches 


Inch. pits. 


31 


30 


{ 


2. 


16. 


and parts. 


Settled, fine clear ſky. 

Summer, very warm; winter, berg 
froſt. 

. Great drought. 

- Pleaſant ſerene weather. 

Settled. 

Summer, cloſe and rainy; winter, 
ſnow, and foggy. a 

Clear, 

Rain or wind; winter, ſnow or miſt. 
Fine weather. 

Rain or wind. 

Good but uncertain weather, 
Generally miſty when the thermo- 
meter is under 60 deg. : otherwiſe, 
thick, rain or wind; but in ſummer 


with an caſterly-wind, clear. 


Good weather. 
Stormy with a north-weſterly wind ; 


otherwiſe, raw, hazy, cloudy wea- 
ther; in ſummer, thunder. 


Moderate weather. 


003 75 
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ach. Parts. TR "97 
75] I. "74h thunder, wind ; in winter 


with a OS: wind, raw, cold, 
1 05 4 now, or miſt. l 
02 71 oy Variable. Wo | 
.58] 1. Moderate; if the wind be foutheity, 
rain. 
-50 |, 2. Rain, wind, thunder, bail, ſnow, &c, 
3. Calm, but generally with he 


42] Z cavy 
3 clouds. 

33] 4. Rain, wind, thunder, hail, ſnow. 

. Tolcrably calm. 

17 6. Heavy rain, or wind, thunder, hail, 

ſnow, &Cc. 

Fa Serene, though ſometimes fogs or 


| miſt. ' 
8. Stormy; in winter, miſt. 
. 1 9. Calm; in winter, thick log. 
2 10. Heavy ſtorms. 
735 il, Calm. 
67 12. Siormy. 

i3- Calm, but heavy clouds. 
40201 Les Halt a hurricane. | 
4214. Calm, with a great Ain of Fcudding | 
clouds. 
28.33 116. Violent hurricane. 


Thus the barometer ſtood, the T2th December, 


1747. 
Theſe 6 were made when the baro- 
meter was placed 25 feet above the level'of the ſea 


Or river waters. 
When the mercury reſts at I a degree, ex- 


ect variable, or a mixture of chat weather ex- 
preticd by the degree above and below 1 it. 


or 
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Or THE SUPERIORITY OF THE NoRTHERN HE. 
MISPHERE OVER THE SOUTHERN, FROM THE RRV. 
Mx. JoxEs's PHYSILOLOGICAL DisquisITIONS. 


The ſuperiority of the northern hemiſphere of 
the world, above the ſouthern, is very manifeſt. It 
has more land, more ſun, more heat, more light, 
more arts, more ſenſe, more learning, more truth, 
more religion. The land of the ſouthern hemi- 
ſphere, that is, the land which lies on the other fide 
of the equinoctial line, does not amount to one 
fourth part of what is found on the north ſide. - 

The ſun, by reaſon of the excentricity of the 
earth's orbit, and the ſituation of the aphelion, 
makes our ſummer eight days longer than the ſum- 
mer of the other hemiſphere ; which, in the ſpace 
of four thouſand years, (tor fo long it is ſince any 
univerſal change has taken place inthe earth) amounts 
to upwards of eighty ſeven years; and ſo much more 
ſun has this hemiſphere enjoyed than the other. What 
effects may have been ariſing gradually in all that 
time, we cannot aſcertain; but ſuch a cauſe can- 
not have been without it's effect: and I think it is 
allowed, that the temperature of the earth and atmo- 
ſphere, in the higheſt latitudes of the north, is much 
more mild and moderate than in the correſpondent 
latitudes of the ſouth. The dreary face of Staten- 
land, with the weather-beaten Cape ,of South-Ame- 
rica, a Climate ſo ſevere as ſcarcely to admit of = 
human inhabitants, is no nearer to the pole than the 
northern counties of England: but the difference in 
the atmoſphere, and in the aſpect of the earth, is 
almoſt incredible; and this is the more remarkable, 
becauſe there is no mountainous country betwixt 
that and the pole to account for the icy blaſts that 


prevail there. 
Oo 4 But 


» 4 re om ors 
8 „ 5 4 
N 1 1 


568 LES TURES ox NaTuRAL PRILOSO PHV. 


But it is alſo further obſervable, that the nor- 
thern hemiſphere is better provided for by night as 
well as by day. The ſtars of ſuperior magnitudes 
are much more numerous on this ſide the equinoc- 
tial than on the other: we have nine ſtars of the 
firſt magnitude, and they but four; and the ſtars of 
the Great Bear, ſo conſpicuous in this hemiſphere, 
have nothing to equal them about the other pole. 
When the ſun is remote from us in the winter, our 
longeſt nights are illuminated by the principal ſtars 
of the firmament; when the ſun enters Capricorn, 
there comes to the meridian, about midnight, the 
whole conſtellation of Orion, the brighteſt in the 
| heavens, containing two ſtars of the firſt magni- 
tude, four of the ſecond, and many others of infe- 
rior ſizes; and upon the meridian, or near it, there 
are four more ſtars of the firſt magnitude, Capella, | 
Sirius, Procyon, and Aldebaran. No other portion 
of the heavens affords half ſo much illumination ; 
and it is exactly accommodated to our midnight, 
when the nights are longeſt and darkeſt. If the 
mid-w inter of the ſouthern hemiſphere be com- 
pared, the inferiority of the nocturnal illumination 
is wonderful. 

Though it will carry us a little beyond the 
bounds of phyſics, the parallel is ſo glaring be- 
tween the natural and intellectual ſuperiority of 
this part of the world, that your time will not be 
loſt while we reflect upon it. Here the arts of 
war and of peace have always flouriſhed; as if this 
part of the globe had been allotted to a ſuperior 
race of beings, Aſia and Europe, from the re- 
moteſt times, have been the ſcats of ſcience, lite- 
rature, eloquence, and military power ; compared 
with which, the ſputhern regions have ever been, 
as we now find them, beggarly and barbarous ; poſ- 
ſeſſed by people ſtupid and inſenſible, illiterate, | 


and incapable of [earning Where are the _ 
the 
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ſouthern world ? We may as well ſearch for the 
ſciences amongſt the beaſts of the wilderneſs. | 

All the inventions, by which mankind have 
done honour to themſelves in every age, have been 
confined to this fide of the world. Here the ma- 
thematical ſciences have flouriſhed ; printing has 
been found out; gun-powder and fire-arms invent- 
ed ; navigation pertected ; magnetiſm and electri- 
City cultivated to the aſtoniſhment of the wiſeſt; 
and philoſophy extended by experimental inquiries 


of every kind. There would be no end, if we were 


to trace this compariſon through every improve- 
ment; for here we have every thing that can adorn 
human life, and there they have nothing. 

But the difference is moſt conſpicuous, when 
we compare the north and ſouth in point of rel:- 
gion; to which, indeed, that pre-eminence is owing 
on our ſide, which has extended to every branch of 
ſocial civilization and intellectual improvement. 
It is notorious at this day, that arts and learning 
flouriſh to the higheſt degree, in thoſe countries 
only that are enlightened by chriſtianity, and no 
where ſo much as in this kingdom, where that re- 
ligion 1s eſtabliſhed in it's pureſt form. May it long 
continue ! and may we know our own felicity in 
the enjoyment of it ! for religion is undoubtedly 
the ſun that gives light to the mind; the vital ſpi- 
rit that animates the human underſtanding to it's 
higheſt atchievements; though many have been in- 
debted to it, without being ſenſible of their obli- 
gation, or without confeſſing it; and others have 
turned againſt it that light which they borrowed 
from itſelf. | | 

The northern hemiſphere then, whatever pre- 
ference it may have in a phyſical capacity, has been 
much more honoured by the ſuperior advantages 


of learning and religion: here knowledge firſt 
Be rn | began 


the hiſtorians, the orators, the philoſophers, of the 
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began to be diffuſed, and the world itſelf was firſt | 
inhabited, in the fineſt climates of the earth, which 
are about the latitudes 366, &c. north: here the 
church was firſt ſettled; and the Hebrew nation, 
riſing by degrees till the reign of Solomon, formed 
a wiſe, wealthy, and ſplendid kingdom, long before 
the powers of Greece and Rome were heard of : 
here the light of chriſtianity was afterwards ma- 


nifeſted, and with it the lights of learning have 


been extended to parts where they were never 
known before, till both of them reached to the 
utmoſt boundaries of the weſt, in the once un- 
known regions of the Atlantic world. 


CONCLUSION. | 


I have now {inithed my courſe of Lectures, and 
have given you a general view of the principal phe- 
nomena in nature; nor have I been inattentive to the 
diſcoveries made therein by man. I have endea- 
voured to point out the abuſe that may be made 
of phyſical inquiries, and to guard you againſt the 
errors by which they may be perverted, and rendered 
a prop to ſupport the weak fabric of infidelity and 
falſehood. From theſe Lectures 1t evidently appears, 
ec 1ſt, That MAN is compoled of two SUBSTANCES, 
of which one percerves without being perceived by 
the /en/es ; and the other is perceived without having 
any perception in itſelf. 2dly, That Man, in his 

reſent ſtate, can perceive nothing more of the UN1- 
VERSE than what is tranſmitted to him by his organs, 
whoſe faculties are very limited. gdly, That there 
are evidently effects percepiible by MAN, which are 
occaſioned by BEINGS that he cannot perceive. Athly, 
That MAN, deprived only of one ſenſe, bt, would have 
been ignorant of the greater part of what he knows 
of the UNIVERSE, namely, of entire claſſes of Bx- 


Tn, and of the relations of thele beings to each 


other, 
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other, RY to thoſe with which he is acquainted. 
5thly, and laſtly, By every rule of analogy, and from 
many phenomena, it is highly probable, that there 
exiſt many claſſes of BEIN Gs, related to each other, 
and to MAN, which he cannot in. his preſent ſtate 
erceive.” 

"'F . ſpiritual powers of man are rouſed into 
action by the medium of the ſenſes. His underſtand- 
ing explains itſelf by the perceptions the ſenſes 
tranſmit ; ſo that, notwithſtanding the extent of his 

owers, he can make no progreſs in matters higher 

than ſenſe, unleſs he take the creation for his leſſon, 
and the omni/cicn! Cragtor for his preceptor. It 1s 
therefore weak and perverſe i in him, without the very 
elements of knowledge in his head, to deſert ſuch 
a wile and kind inſtructor, and then ſer up for an 
zndependent diſcoverer. Put the philoſopher to the 
trial, who pretends to know ſo much of a Deity 
without allowing him to diſcover himſelf and ex- 
plain his own works, and you will ſoon ſce the wiſe 
man confounded by his own wiſdom. If this wanted 
proof, I need only mention the writings of Helve- 
tius, Voltaire, Diderot, De la Metrie, and the whole 
ſchool of Condorcet. 

In contradiction to theſe men, I have endea- 
voured to ſhew that philoſophy is illuſtrated, and 
juſt views of nature are exhibited by the ſacred 
writings. What indeed can we think of thoſe who 
would have us believe they credit the ſcriptures, 
while they take upon them to correct it's ſtile as not 
philoſophically juſt? who would have us believe, 
that He who holds all nature in his hand, does not 
know how to accommodate his dodirines to the 
capacities of the vulgar, without ſpeaking with 
philoſophical impropriety of his own works? Will 


they, 


# De Luc, Lettres Phyſiques et Morales, tom. v. p. 11, p. 68g. 
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they, indeed, teach Him to ſpeak, Who gave a mouth 
to man, whoſe word was ſufficient to caufe the 
mighty ſun to ſhine, and daily diffuſe his treaſures of 
light around the heavens, irradiating the ſhifting 
hemiſpheres of the revolving earth, and at whoſe 
command it is ſurrounded by the liquid air? Shall 
the writings of men have excellencies in our eyes, 

and his have no beauty, win hath meted out the 
heavens, who knoweth che ballancing of the clouds, 
and by whoſe knowlcdge the deeps are broken up ? 
Both nis word and mis works prove, that He 
has employed and diſplayed infinite wiſdom, power, 
and goodneſs, in the creation®of this univerſe ; that 
HE has with ſtupendous artifice ſtored our globe with 
every thing neceſſary, not only for the ſupport, but 
for the felicity of man: all nrs works are ftamped 
with the characters of the infinite perfections, and 
overflowing goodneſs of the AuTyoR, He has given 
to man, and to him alone, a capacity to be enter- 
tained with the magnificence, the beauty, the har- 
mony, and the order of the univerſe ; and has ſo 
moulded his heart and fpirit, as to make pleaſure 
attendant on admiration, and love and gratitude the 
neceſſary companions of the ſenſe of favours re- 
ceived. 

Let us then praiſe the God of heaven, from 
whom we have received ſo much, whoſe mercy 1s 
extended over all. 

Let every thing that hath breath praiſe him ; ; 
and let man, the prieſt of the creation, offer up a 


ſacrifice of n Fr 115 Mos r lich. 
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